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FOREWORD 


Visible biological radiations liavo always greatly attracted 
man\s curiosity; fireflies and glow wwius, luniiiu^sceiit wood, 
phosphorescent meat, and the illuminating organs of dc'op sea fish 
are among thc^ W(‘ll-known wonders of nature. TJu‘ biological 
importance of this luminescenct^ se(^ms to be in no jn'oportion to 
the impression it makes ui)on the human mind. While it is assumed 
by some biologists that it has tlu^ pur])osc of attraebiug tli(‘ [>rt‘y, 
of frightening enemies, or of luring the male to tlu^ female, other 
investigators have contestcjd these theories. I'he phos])liorescent 
bacteria usually lose the ability to produce light when cultivated 
for some time on artificial media, without any ax)parent d(‘er(^as(‘ 
in vitality. The emission of visible light is i)robably of no greater 
importan(!e than color; it plays no <‘ss(mtial role in the c('ll ])hysio- 
logy of the organisms. 

Quite to the contrary, tlie invisible radiations of living org- 
anisms ar(» of considerable ])hysiological signifi(tanc(‘. They j>lay 
a distinct part in cell division and in growth. '^J’hey are evident 
in the healijig of wounds. Old ag(' is accompanied hy eomplett' 
cessation of ultraviolet emission; peThaps this is tin; cause of old 
age. i?c^u-radiatiojj controls the heart beat. Th(‘, loss of blood 
radiation is u.sed in the diagnosis of cancer; it may bt‘ that radia- 
tion, or souK^ disturbance of its meeiianism, is linked with the- 
cause of cancer. Its role in the metamor])hosis of amjfliihia has 
been demonstrated. jVlutual influenees of one s])e(.*i(‘s u])on another 
by radiation liave becui observed. 

Biologists and pliysicists have always bc^en suspicious of 
radiations from living organisms, ])erhaj)S only because the average 
man (not to mention w^oman) likes to belie V(‘ in human radiations. 
However, the principal reason for the rejection of the dis(;overy 
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of ultraviolet emission from living cells was the inability of some 
to repeat the positive experiments of others with the same results. 
Iliis Jiacl led to the fallacy that negative results disprove positive 
ones. It is quite evident that if two experimenters obtain different 
results, they cannot possibly liave made the same experiment. 
Doth results are correct, and the important task is to find out in 
what points the investigations differed. With a ph(‘nomenon so 
little understood as these biological radiations, it is not surprising 
that these apparent contradictions have not as yet been explained 
in ever}^ case, though several factors ri^sponsible for negative 
results have been discovered. 

I’he objection to biological radiations has been strongest in 
this country, but even here, a more coiicihatory attitude has be- 
come noticeable since it has been shown that mitogenetic radiation 
is not a mysterious force, but the result of biochemieal process(‘S. 
Many simple chemical reactions have been found to emit weak 
ultraviolet rays. Anothi'r factor is responsible for the slow adoption 
of this new infiiumce in biology: practically all papers on this 
subject are published in foreign languag(?s, and of the very few 
ill English, almost all happen to contain negative results. This 
very fact has been one of the authors’ reasons for presenting the 
more important facts in this book. 

The book deals almost exclusively with mitogenetic rays 
which exist in the ultraviolet range of the spectrum. No defuiitc 
proof for the emission of infrared rays by organisms could be 
found (if we limit the infrared to radiations near that of the 
visible). Beta-TSLj emission from potassium is biologically impor- 
tant, but it is not really characteristic of the living cell; it is 
proportional to the? potassium content, and is just as strong after 
death as during life. 

The arrangement of the subject matter is not historical, but 
logical. All attempt has been made to show that ultraviolet 
radiation from living organisms is nothing at all strange. If 
Gurwitsch had not disc50vcred these emanations 10 years ago, 
they would now be predicted from the results of physico-chemical 
investigations. An approach to historical presentation is found 
in Chapter IV which discusses the various methods used. 



FOREWORD 


VJf 


The book is not meant to represent a eompilation of all 
literature on this subject. Tins would have increased its size 
greatly. A fairly complete list of ndereiUH's, up to th(‘ Ix'ginning 
of 1932, may be found in the book by Nti^mpkll (1932). The 
literature compiled at the end of this book refers only to those 
])apers which have been quoted in the text ; we su]q)ose that this 
iiioludes the more im})ortant publications. 

A very brief summarj^ of the entire book, (ihapter by (.rhapter, 
is givtui at the end. This might be more us(‘ful in some res])(‘cts 
tlian the customary Tabk^ of Contents. 

of the authors had occasion, during a recent journey to 
Europe, to sc'c many of the biologists and physicists working in 
this held, and he wishes to aeknowledgt* th(‘ many valuable sug- 
gestions ho receivcnl from those convinced of mitogen('ti(? radiation 
as well as from thos(^ who are convinced of its Tion-existaiujo. 
'^riic* authors are further uiidt'r great obligation to Prolessor 
Alexander CuiiwiTscit for sound advice on various points, and 
to Prof(‘ssor Maohoct for the kindiu'ss of siuidijig original photo- 
graphs of his oxiieriments for the reprodiu'tion in this book. 

The authors an^ further under great obligations to Mrs. 
Maroauet N. Barnes for her c('as(‘less assistanc-(‘ in (‘diting this 
book, and to Miss A. J, Eekcjuson for Ikt hel]) in proof-ri'ading. 


Ithaca, August 1935 


Otto Raux 
{Sidney W. Baknes 
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CHAPTER 1 


PHYSICS OF RADIATION 

A. GENERAL STATEMENTS 

(1) Radiation trav^els tlirongli empty spaee. From 
^iie studies of radiant energy have come sev(‘ral ideas about its 
nature. For one thing, it is known that siich energy is propagated 
through empty spaee. Moreover, it is the only form of energy" 
knowii which can flow through matter-free spaee. TJn^ vast 
amounts of solar radiation which maintain th(' earth at such a 
temperature that life is possible, com<» from the sun througli 
millions of miles of interstellar space, which contains but an 
infinitesmal density of matter. . ■ 

(2) Radiation energy spectrum. Radiation occurs over 
an extended energy range. The extrenudy high-energy (jartmm 
rays penetrate several inches of lead; tlic lower-energy x-ray 
pass through perhaps an eighth of an inch of lead ; visible light is 
absorbed by a metal layer only a few atoms thick; and, finally, 
radio waves are completely absorbed by a coarsely-wovtui copper 
wire screen. The character of radiation varies greatly, as oik' 
can see, from ontJ part of the radiant energy spt*ctrum to anothi'r. 

(3) Radiant energy travels through space with a 
fixed, definite velocity. Radiant energy might be given the 
alias of traveling energy, for it si)ends each instant of its existc^nci^ 
traveling through space at its jiarticular speed of 3x10^" cm. 
per second (speaking here of space in which the matter density 
is zero). This speed is entirely independent of tlie character of 
the radiation. To the best of our knowledge, radio waves, visibli' 
light and gamma rays all travel with precisely this velocity. The 
direction of travel is rectilinear. 

(4) Radiation exhibits the phenomena of inter- 
icrence. Any form of wave motion can be made to exhibit the 
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phenomena of interfereiu^e. The beats heard when two tuning 
forks of nearly the same frequency are struck, are an example. 
Later (see p. 128), an example of interference exhibited by light 
will be givcm. 

(5) Radiation may be observed when, and only when, 
it is allowed to interact with matter. This statem(‘nt is a 
reminder that all recognized measurements of energy are limited 
to energy associated with matter. To detect or measure radiant 
energy, it is necessary that it transferred into ‘tht^ familiar 
potential or kinetic energy of mattcT. This transformation obeys 
the law of conservation of energy, i. e. the number of ergs of 
radiant energy disappearing is equal to the number of ergs of 
potential or kinetic energy which appear. 


B. PHENOMENA OBSERVED UPON THE INTERACTION 
OF RADIATION AND MATTER 

(1) Reflection. Radiant energy may be regularly retlect(‘d 
from a plane surface whose granular stru(;ture is small in com})ari- 
son with the wave length of the radiation. In this case the angle 
of reflection is equal to the angle of incidence, and the reflected 
energy is in the plane of the incident energy. No porh'ct refl(‘(^tors 
of radiation are known; thus, always sonn^ of the radiation is 
traiismitted or absorbed by the reflector. 

(2) Absorption. Matter never fails to take its toll from th(‘ 
radiation incident upon it. No material substance known is 
totally transparent to radiant energy. The mechanism of ab- 
sorption will be treated later (see p. 16). 

(3) Refraction. Matter has the property of changing tht^ 
vcdocity of energy which is passing through it. This results in a 
change of direction of the radiation (sec fig. 1). The ratio of tlu‘ 
velocity of radiation in matter to the velocity in space is called the 
index of refraction of the refracting substance. 

(4) Dispersion. The phenomenon of dispersion occurs 
because the index of refraction of any transparent material depends 
also upon the wave length of the radiant energy which is passing 
through it. A beam of white light is disyxTsed into a colored band 
or spectrum when passed through a prism since each wave length 
suffers a different refraction (see figs. 2a and b; also see p. 18). 
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These are only a few of the many phenomena which characte- 
rize radiant energy in its passage through space and matter ; thesis 
must be explained by any theory of radiation. The question: 
Wliat is the nature of radiant energy ? has been nearly answered 
bv each of two different theories, the wave theory and the' (piantum 



Figure 1. Rcfraotioii. Figure 2. Refraction and Di8i)eT8ion. 


th(*,ory. As it will bo pointc'd out later, it seems not imj)ossiblc 
to efft^et a harmonious combination of these two into one which 
a(U*quately covers all uho observed phenomeuja of radiant energy. 

The so-called “mitogenetic radiation” whi(;h is the principal 
subject of this book is said to proceed rcetihncarly, and to show 
rc‘flcction, absorption, refraction and dispersion, as will be demon- 
strated in Chapter TV. If so, it is a true radiation. 


0. THE WAVE THEOKY OF RADIANT ENERGY 

There are three ways in which energy may be transh^rnMl 
with the aid of matter, naimdy (1) by the How or movement of 
definite masses of matter, such as tides in th(^ seas, or the driv(‘ 
rod on a locomotive*-; (2) by wave motions in (‘lastic media, siuil) 
as sound in air; and (3) by material projectiles. Thii wave theory 
of radiation is based upon the well understood primdples of 
wave motions in (*lasti(? solids. Tlu^Sfi may be illustrated by th(^ 
following simple cxpi^riments. 

If a long stretched roj)e is given a blow at one of its supports, 
a rather surprising thing happens (at least so to the uninitiated) ; 
a hump in the rope is seen to speed along it. If, for a short period 
of time this end of the rope is given a regular to-and-fro motion, 
a disturbance as pictured in fig. 3 will travel along it with th(* 
same velocity as in the former case. This sort of disturbance is 
(tailed a wave train. The length of the individual waves, or the* 
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wave length, A, is the distance from crest to crest or trough to 
trough. The frequency, v, or the number of waves passing a 


Figure 3. 

A short wave train in a rope. 


fixed point per second, is equal to the velocity, c, divided by the 
wave length: 


c 



Reflection. Let this wave train be observed when it reaches 
the end of the rope. If the support there is ideally rigid, the train 
of waves will be reflected and will travel back along the rope with 
the same velocity and amplitude it had before reflection. 

Absorption. If the support is ideally non-rigid, the wave 
train will set it in motion, spend its energy upon it and completely 
disappear. In this event, the energy carried by the wave' train 
has been transfe^rred to the support. 

Standing Waves. There is still another phenomenon of 
wave motion which may be illustrated by waves in the rope. 
When it is fastened to the rigid support, if the free end is kept 
moving with a uniform to-aiid-fro motion, so-called standing 
waves will be formed (see fig. I). The rope aj)pt‘ars to be divided 




Figure 4. Above: Waves in a rope; below: standing waves in a rope. 

into vibrating segments called loopi which are separated by points 
of little or no motion called nodes. These standing waves, not 
true waves at all, are the result of the interference of the original 
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and the reflected waves. Their importance lies in the fact that 
they offer a very simple way of determining the wave length 
of the true waves which is equal to twice the distance between 
, nodes. 

'a Suppose a system of ropes is strung from a central point so 
they lie in a plane (see fig. 5). Tf the central point is given a regular 
up-and-down motion, waves will travel out along each rope and 
the system will present somewhat the appearance of still water 




Figure 6. Radiation from a central point, 
left: a rope system; right: waves in a rope system. 

into which a stone has been dropped. The wave trains traveling out- 
ward along each rope with the same velocity give the appearance 
of regularly growing or spreading concentric rings. The rings are 
.separated by a distance equal to the length of the waves. If more 
ropes are added to this system so that they are stretched equally 
jn every direction in various planes and the central point is given 
a regular to-and-fro motion the system will give th(^ appearance 
of expanding or growing spherical shells. Here the distance 
between the shells is again equal to the length of the waves 
in the individual ropes. Tlic mechanical rope apparatus is 
frequently used as an analogy to the idectric field of a point 
charge. 

Definition of a Charge of Electricity. Electricity, 
according to present ideas, embodies two kinds called positive 
and negative. If an object has equal amounts of the two, it is 
said to be electrically neutral. If it has an excess of either kind 
it is said to be charged, and this excess is called an electric charge. 
Usually this charge is distributed over the surface of the object. 
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In discussions of the effects of one charge upon another, ajid in 
relati‘d i)roblem8, it is convenient to ignore the object and to 
think of the charge as being coiuu^ntrated at one point. Tliis is 
called a point charge. 

The Electric Field of a Point Chargci. We will now see 
why the three-diniensional system of roj)es forms a rough UK^chani- 
(ial analogy to the eh^ctric field of a point charge. Suppose a 
charge of positive electri(^ity is fixed in space at sonu^ point J. 
If a charge of negative elecif-ricity is brought to some point B, it 
will experience a forces which tends to draw it straight toward A 
as though the two were connected by an invisible stretched elastic 
cord. The poijit B may be anywdiert^ in space' in the* viciinity of 
A and still it is drawn directly toward A. We may then think, if 
we like, of the apace about A as filled or made uj) of these strc'-tclied 
elastic cords (called lines of force) (extending outward in every 
direction from the charge at point A. 

Now, if the charge at A were given a raj)id to-aiid-fro motion, 
it would seem likely that waves should be formed and sped along 
th(‘ liiK's of force through si)ace. This is tluj ex])lamition offered 
by the wave theory of light concerning the mamier in which 
radiant energy is propagated through spact^ We know tliat 
electric fields surround electric charges. Radiation is assotjiated 
with waves traveling through these fields. 

Tlie waves in the elec;tric field about the charge which has 
beeji set in oscillation arc known to be not the only waves present. 
In fig. 3 is represented the shape of one of the lines of force shortly 
after the charge has been given a few oscillations. The train of 
waves which consists in variations in the direction of the line of 
force is traveling along this line with the velocity of light. Now' 
it is known that the motion of an electric field through space 
produces an associated magnetic field. It thereof oi*(' follows that 
this wave train must have associated with it a train of waves of 
magnetic, intensity. These two wave trains lie in pianos perpend- 
icular to each other. The classical electromagnetic wave along 
one line of force is represented in fig. 6. Radiation is then nothing 
otlier than these electromagnetic waves. 

The wave theory predicts that the velocity of propagation 
of these waves should be independent of their wave length. 
Moreover, such waves would be expected to exhibit all the pheno- 
mena of interference just as radiation does. 
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An oscillating charge radiates energy, of course, not only 
along one line of force but in all directions, though the amount 
of radiant energy sent out in different directions varies. Zero 



Kiguro (). Diagram of an elootroiuagnetio wavc‘. 


t*i,ergy is radiated along the Hue of motion of the charge and the 
maximum amoiuit is radiated in a plane normal to th(‘ din'ction 
of motion. 

Hektz (1866) caused a charge to oscillate rapidly between 
two closely-placed points^) and found that energy was being 
radiated as the result of the acicelerations of the charge* (seHj tig. 7). 
He placed a metal plane some distance from the oscillating (‘harge 
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Figure 7. Experiments showing the wave natun* of Iferlziaii waves. 

In fig. 7, c represents a condenser, and S a sjiark gaj). 1’lie eon- 
dejjser was charged to such a difference of potential that a spark oce-urred 
between the balls of the spark gap. 8uch an arrangement is known as an 
oscillatory circuit, for when a spark occurs the charge flows across the 
spark gaj) in such a way as to discharge the condenser, and it continues to 
flow’ until the condenser is recharged with the difference of ]>otential reversed. 
'J'he charge then begins to reverse its direction of flow'. 'Fhis process repeated 
many times a second amounts to a charge moving ra])idly back and forth 
between the spheres of the gap or a charge oscillating rapidly between two 
closely-placed points. 
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anti found regularly-spaced points between the radiating charge 
and the r(?fl('ctor at which the energy was alternately of a maxi- 
mum and of a minimum value. These loops and nodes showed 
that the energy was being radiated in the form of transverse 
waves, the direct and the reflected beam interfering to eause^ 
standing waves. 

When the velocity of these waves, which are of the wave 
huigth of short radio waves, was found to equal the experimentally- 

Mono - chromatic hghf 


Photographic 
emulsion ' 
Ftefiecfing ■ 
Surface 



I ’^standing 
I waves 

b 


Figure 8. Kxperinu'nt showing the wave nature of light. 


determined velocity of light, it was immediately suggtisted that 
light was nothing other than such waves, only of shorter wave 
length. 

A simph* experiment performed by LirPMAJ^N showed that 
visible hght could be made to form staTiding waves and thus must 
have a wav(dike nature. Light of one wave length was allow^ed to 
shine p(^rpendicularly upon a fine-grained photographic emulsion 
which was backed by a reflecting layer of mc^tallic silver. When 
the emulsion was developed, (;ut and the edge viewed under a 
microscope (see fig. 8) alternate exposed and unexposed layers 
were found to exist throughout the depth of the emulsion At 
plant's where the direct and reflected beams interfered to form 
the node's of the standing waves, thi' silver com])(^und was 
unafl’ected; at planes in between, (corresponding to the loops of 
the standing waves, the silver compound was reduced. This 
expe^riment not only sliowed that light was a wave motion but 
offered a beautifully direct way of itieasuring the wave length. 

Definition of Intensity. The intensity of radiation 
received from a source at a fixed point in space is defined as being 
the number of energy units (ergs) received per second by a square 
cm. of surface placed normal to the radiation at that point (see 
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fig. 9a). When the radiation is strictly parallel, the intensity per 
cm 2 will be the same at any distance from the source (fig. 9a). 
With a point source, it will decrease as the second power of tlu* 
distance between the radiating source and the point of measun^- 
ment. Thus, in fig. 9 b, A will receive K ergs per second while B, 

twice as far from the source, receives only ^ ergs. In practice'. 

point surfaces are rare, radiation generally b(ung emitted by sur- 
faces or volumes. (This is commonly the ruh' in biological radiat- 



a h 

Figure 9. Illustration of the definition of intensity. 


ions.) For these cases, the inverst' square Jaw holds only for 
distances so great that the sourtje may be considered to be a 
point. For shorter distances the intt'iisity may be roughly propor- 
tional to the reciprocal of the distance; for points still closer to 
the source, the intensity may bo independent of the distance. 
Experiment is the best rru'aiis of determining the variation of 
intensity with distance in the region of apace closely surrounding 
a source of finite size. 

The wave theory of radiation has been succjessful in explaining 
how radiant (‘nergy may be transferred through space; it lias 
predicted accurately the velocity of radiant energy ; the phenom- 
ena of interferen(;e, reflection, refraction, dispersion, polarization 
and double refraction offer no difficulties; howevcT, with rc'spect 
to the emission and absorption of radiant enc'rgy, tlu' classical 
theory fails and gives place to the quantum theory. 

D. THE QUANTUM THEORY OF RADIATION 

I. Definitions. It is known that matter exhibits the 
curious behavior of discontinuity in processes in which it emits 
or absorbs radiant energy. A given atom, for example, will 
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cgnvort, of its store of energy, only certain multiples of the unit 
of ('iiergy into radiation. Likc^wise, it will absorb radiant energy 
only when the energy comes in precisely the proper-sized amounts. 
This phenomenon is one with which the wave theory of light is 
unable to cope. 

Let us lay aside for the moment then this conception of th(.* 
nature of radiation and consider the only other possible one, i. e. 
tliat radiation is corpuscjular in nature. Thus we think now of 
radiation as consisting of small energy projectiles which travel 
through space with the familiar velocity of 3 X 10^® cm. per second. 
These proj(‘ctiles arc‘ of course Tion- material ; they consist simply 
of small units of energy. 

Since we have seen that the different kinds of radiation, from 
radio waves to gamma rays, all travel with the same speed, these 
differences can occur only by difference's in thcj size' of e'ach pro- 
jectile, or quantum. It has been shown that the energy of a 
quantum e*an be^ given as the product of a universal constant, 
hj known as Planck's constant and equal to 6.55x10“^’ e^rg 
seconds, and the frecpicncy of the equivalent electromagnetic 
wave. Energy eff quantum E — hr. 

In Table 1, column I are given the various wave lengths in 
Anostkom units (1 A — 10“^" m). Column 11 givc's the (‘orres- 
pondi ng frequencies obtained from the ec^uation 


c 



where c is the velocity of light. In the third column arc the 
quantum (mergies, E, which correspond to each frequency (E -hr). 
Thus, an X-ray quantum is a 10"® erg projectile, while a quantum 
of visible light has an energy value of but 10" ergs, and those of 
the ultraviolet being about 2 to 10 times as large as thovse of 
visible light. 

For the understanding of emission and absorption of quanta 
by matter, it is necessary to discuss briefly the atomic theory. 

2. Atomic Theory. Let us suppose (see fig. 10) that an 
electron is held at some distance, r, from a small positively - 
charged partiele, q. From our knowledge of electrostatics we know 
that the electron experiences a force of attrac^tion toward q. This 
force, F, is proportional to the number of units of charge possessed 
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by q and is inversely proportional to the square of the distance, 
r, or 



I^et us assume that q is heavy compared to the electron so that 
the electron will be the motile one of the two charges. If the 
electron is released from its position, it will, of course, fall toward 
and into tlu^ positively- charged body, q. Suppose, however, that 
the electron is s(d. travelling in a (iircular orbit about q as the 


) electron 


Figure 10. 

Positive and negative 
charges at the distance 
r from each other. 


/ 

/ 

I 

\ 


Figure 11. \ 

Electron in a circular orbit 
traveling about the positive \ 
charge q. 


(f 


\ 

A 


^electron 


centiT (s(H} fig. 11). If its orbital velocity is adjusted until its 
centripetal force is just equal to the force of attraction, F, ex(^rted 
upon it by q, then the electron will be in stable equilibrium remain- 
ing indefinitely in this orbit. 

An example of such a system is furnished by the sun and the 
earth. Here it is the balance between the earth’s centripetal 
force due to its orbital velocity and the gravitational atraction 
of the sun which keeps tlu' earth in its orbit. 

Jf the mass of q is 1.65 X grams, the distance r is 

0.5 X 10~® cm. and the charge q represents an electron, then fig. 11 
represents a hydrogen atom, g, which is thus thi^ unit of positive 
(dectricity, becomes the nucleus of the atom and the electron 
represents the hydrogen atom’s one orbital electron. 

From elementary considerations it would seem that th(‘ 
nucleus with its orbital electron would form a stable system 
also for values of r other than 0.5x10“® cm. For any value 
of r, a corresponding orbital velocity can be calculated which 
will bring about the balance' of the ek'ctrostatic attraction and the 
centripetal force of the electron. However, it is found experinu'nt- 
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ally that there are only a few orbits, out of the infinite number 
possible, which the orbital electron frequents. From the radius, 
fi, i)f the innermost orbit of Zf which we have just seen to be ecpial 
to 0.5xl0~®cm. we may calculate the other possible orbits by 
th(' relation r — 

wh(‘re n has any value 1, 2, 3, 4 

'^riie orbital velocity of the tdectron decreases as n increases, ajid 
the limiting case n-> oo corresponds to an atom with its electron 
at rest at an infinite distance from the nucleus. 

The energy possessed bj' the atom or tlu' micleiis-elect rou 
s^ stem, for the case when the electron is in any one particular 
orbit, can be easily cah^ulated and this energy characterizes tlu' 
cfKrgy state of the atom. The atom has the least eiurgy when th(» 
electron is in the innermost orbit (state of least energy) and its 
eJKTgy increases as the electron (‘xists in orbits of greater radius 
(states of higher energy). The innermost orbit is the pretern'd 
one, i. e. the electron inhabits this one the great(‘r part of the tinu'. 
In this case, the atom is said to be in its normal state. The usually 
unoccupied orbits are called virtual orbits. W(‘ have scmui that th(‘ 
hydrogen atom can exist in different energy states, and w(‘ will 
very shortly apply this idea in a discussion of the absorption and 
emission of radiant energy by atoms (see pp. 14 and IG). 

Before considering these topics, it will Ix^ advantag(‘ous t(> 
see how other atoms besid(‘ hydrogen arc constituted. Tht* oik‘ 
next ill simplicity is helium. Its nuchnis consists of 4 simple* 
hydrogen nuchd, called protons, and 2 (*h‘ctrons. Two orbital 
electrons complete the atom. In all atoms, the number of ])rotons 
in the nucleus cxc^eeds the number of (‘Icctrons by just the number 
of orbital electrons; this leaves the nucleus with a positive* charge* 
and the whole atom electrically neutral. For examjile, the* e-arbon 
atom is composed of a nucleus of 12 proteins and G cleeitrems about 
which revolve G electrons in the various shells. The oxygen atom 
e*onsists of 8 oute'r t*lectrons and a nucleus whiedi contains IG 
protons and 8 electrons. The atomic weight of carbon is approx- 
imately 12 and that of oxygen is IG. It can be seen that the^ atomie; 
weight is equal, for all ])ractical purj)oscs, te) the number ejf protons 
in the nucleus of the atom. The atomic number is equal eith(*r 
to the number of nuclear or orbital electrons. Table 2 shows in 
what way the outer electrons group thems(dv(*s in the orbital 
shells for the first eleven elements of the periodic table*. 
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Table 2. Electron Configuration for the Elements from H toNa. 


Element 

Atomic 

Number 

K shell 

L shell 

M shell 

H 

J 

1 



He 

2 

2 



Li 

3 

2 

1 


Be 

4 

2 

2 


B 

5 

^ 1 

2 1 


C 

6 

2 j 

2 2 


N 

7 

2 ; 

2 3 


0 

S 

2 

2 4 


F 1 

9 

2 

2 5 


Ne 1 

10 

2 

2 6 


Na ' 

11 

2 

2 b 

] 


Eig. 12 is a wholly diagrammatic reprc‘sejitatioii of the Ma 
attim. The central dot marks the nucleus; the first circle is called 
the K shell and contains two electrons. The binding energy of 

thes(^ negative charges 
is about 1000 electron 
volts or 1.6xl0~® ergs ; 
this amount of energy 
would be required to 
^ remove either one of 
2 the K electrons from the 
^ atom. The next (urclc 
representsthe L orbit, 
which in Na contains 
8 electrons, the binding 
energies of which ar(‘ 
approximately 35 elec- 
tron volts. In th(‘ last 

Kig.nv 12. Diagram of the .sodium atom there is but 

showing the varioiis ah(‘Us. one electron and its 

binding energy is about 
5 electron volts. The outer dotterl circles represent energy l(*vels 
which are unoc^cupied in the normal Na atom, i. e. virtual orbits. 

3. The Emission and Absorption of Radiation by 
Atoms. We have seen that the hydrogen atom can exist in various 
energy states associated with the orbit occupied by its electron. 
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By this iiecessar}^ mechanism can be explained the absorption 
and emission of radiation. If the atom changes from an energy 
state Em to a lower one En, it does so with the emission of a 
quantum of radiant energy hv such that 
(1) h?^ =- Em—En. 

If the atom changes from an energy state En to a higher state of 
energy Em, it can do so only by the absorption of a quantum of 
radiation hv of such energy value that 
(1) lu' — Em Bn* 

In this equation h is the universal constant known as Planck’s 
constant equalling 6.547 :< erg. secs, and v is the frequency 
(sec p. 4). It follows that the various quanta hv may be emitted 
and absorbed b 3 ^ the hydrogen atom. 

Ill* Em- Eq where m ^ 1, 2, 3 

h)' - Em — E^ ,, m 2, 3, 4 . . . . 

hr = Em- — Eg ,, m — 3, 4, 5 

h)> — = En + j 'En- 

Since A = where c is a constant which is equal to the s])ced of 

light or 2.99796 / 10*® cm. per sec., the wave length of the radia- 
tion resultmg from or producing the energy change Em—En in 
the atom will be given by the equation 


Em-En 

Table 3 gives the values of the first eight t)f th(‘ forty or so known 
energy states of t-b(‘ hydrogen atom. 

'lable 3. obtained by <*Iectron sliifts from normal tf> 

liigli(‘r orbits in the Hydrogen atom 


number of 
virtual orbit 

! 

F] in ergs 10 “^ ^ 

corresponding 
wav(i h'Tigth in A 

0 

0 

0 

I 

16.14 

1216 

^ li 

19.15 

1025 

3 ii 

20.18 

975 

4 ;! 

20.70 

948 

5 

20.90 

940 

b i 

21.05 

933 

7 ;| 

21.16 

928 
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The wave length emitted by the hydrogen atom for the energy 
change — Eq for example, is readily calculated from the data 
in this table, as 

_ 2.99796 X IQio X 6.547 x 
“ 161.4 X " 

1216x10“ ** cm. or - 1216 A. 
This wave length is in the far ultraviolet. (Changes between other 
states result in the radiation of visible light aijid still others 
produce radiation in the far infra red, (*. g. for the shift from the 
6th to the 7th orbit, it is 178 500 A. 

The equation (1) states that an atom in the state En will 
absorb a quantum hv and be raised to the energy state Em if the 
<|uantum is precisely equal to the difference in the* energy of the 
two states. Supposing the energy of the quantum is slightly less 
than this difference — ^will it be absorbed ? The answer is no ; there 
is no possibility that it will be. If the quantum is larger than 
Ein — En, then it may be absorbed. It will be, of course, if its 
('iK'rgy hai)p(ms to equal the energy difference; between any two 
states provided that, at this moment, the electron is in the orbit 
corresponding to the lower of these states. Tf its energy is not 
on(‘ of these discrete values, it will not be absorbed unless its 
<mergy is greater than (Eoo — En), i. e. sufficient to shift the 
electron beyond the outermost orbit. In this event, it may bt^ 
absorbed and the surplus, hr— (Eoo —Ku), is used in shooting the 
(4(‘Ctron away from the atom, or 

hv — Ex ~En -f ,^niv^ 

where 7n is tin' mass of the electron and v is its velocity (the tc'rm 
^ mv^ represents the kinetic energy of the ejected electron). An 

(‘lecitron so ejected from an atom is called a photoelectron, and tin- 
atom its(;lf is said to be ionized. 

As has been stated before, an electron spends most of its 
(‘xistenco in tlie normal state. Eg. When it has been raised to a 
state of higher energy En by virtue of the absorption of energy, 
the atom is said to be in an excited state. The life of an atom in 
an excited state is of the order of 10”^ to 10“® seconds. After this 
kuigth of time the atom reverts to its normal state with the 
resulting emission of radiant energy. 
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These lemarks on emission and absorption of radiation apply 
not only to hydrogen but to the other atoms as well. Onl^" the 
<>ut(‘r electrons of the more complicated atoms bcdiave ir» a manner 
similar to the one electron of hydrogen. In this way originate the 
atomic spec^tra. They arc emitted by .sources (such as tlu' mer- 
cury arc or a glow discharge tulx') in which th(' gas is at siifhciently 
low pressure that the atoms arc not in contact with ('ach otluT 
but for a small fraction of the time. If the pre^ssure is raised (also 
the (*ase for solids), a rontimioifs spectrum is emitted which docs 
not contaiji lines characteristic of the atom. This is called lltcrmal 
radiation since it is the result of the temi>erature of the source. 
The atoms are so close togeth(T that tlu‘ outtT virtual orbits inter- 
mingle and are distorbal. 

These last remarks apjily (‘cpially well to absorjition. An 
<‘l(‘m(‘nt in the gaseous state will give a lini' absor])tion spectrum, 
wliilc in th(* solid state it will give* continoiis absorption. 

Molecular Sjiectra 

Wliile atomic radiation riNsult.s from (‘lectrons jumping from 
OIK' eiK'rgy level to anotluT, mok'cular spi'ctra ar(» assunu'd to 
ari.se from the motions of atoms or, better, ions which form the 
niolecule. 

JA't fig. 13 r(‘ 2 )r(‘.sent a simple diatomic' mol(‘cul(‘ siu'h as NO. 
kSiK^h a molecule emits radiation in tlir(‘c Avave k'ligth regions; 
(1) the far infra red; (2) the near infra red; and (3) the vi.sibh* or 

Figure 13. 

A .siju])lc diatomic molecule. 

the ultraviok't regions. The radiation in tlie tir.st grou]) is ascribed, 
in the simple theory, to changes in the rotational (UKU'gy of tlu' 
dipole molecule. The ,s(*cond grou]) is a.scribed to .simultam'ous 
<*hang(\s of rotational and vibrational (*iK*rgy, and tlu' third, to 
simultaneous changes in rotational, vibrational and eh'ctronic 
energy of the molecule. 

Molecular spt'ctra an* in general exc('(*dingly more com})l(‘x 
than atomic siK*ctra. Tlie great number of lin(*s fall into groups 
which under low dispcr.sion give the appearance* of bands. 

The ab.sorption .spectrum of a molecule is, of course*, its 
^'mission spectrum in reverse, light bands replac(*d by dark. 

Protoplasma-Monographien IX: Rahn 2 
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111 this connection, tht^ effect of radiation upon cliemicial 
reactions siiould be m(*ntioned. To realize that such an effect does 
exist, it is only lu^cessary to remember the number of brown 
bottles that are used for storing chemicals. The most prominent 
t'ffect is that of light on silver salts as in all photographi(^ emulsions. 
The result is the reduction of the salt with the deposition of 
metalli(^ silv('r. Without presenting the theory of the process, it 
is still easy to see that the absorption of radiant entTgy might do 
just this. For an absorption of energy means that^the molecuk^ 
must go into a state of higher energy-a less stable state- and this 
may, on the absorption of sufficient energy, become a chemically 
unstable state. 


E. ANALYSIS OF RADIATION BY DISPERSION INTO 
A SPEETRUM 

The radiation emitted by a source is characteriz(»d by tht‘ 
wave lengths present, together with the distribution of eiujrgy 
among these wave hmgths. A given atom 'will emit only certain 
lines (its lin(‘ spectrum) and each one will have associated with it 



Figure 14. Representation of atomic, molecular, and thermal radiation. 


a certain (UKTgy (see upper spectrum of fig. 14); a molecule may 
give rise to some such spectrum as that of the center strip, and an 
incandes(;ent solid emits all wave lengths with varying intensity 
beyond a certain wave length, depending upon the temperature 
of the solid (see lower spectrum of fig. 14). 




PHYSICS OF RADIATION 


19 


The various wave lengths present in the radiation emitted 
by a source are determined by dispersing the radiation into a 
spectrum. This subchapter deals with the instruments and me- 
thods used to producer a radiation spc*ctrum both in the visible 
and the ultraviolet. The next deals with the subject of measuring 
tlie intensity associated with the various wave lengths. 

The two instruments most frequently used to disperse hght 
into a spectrum are the j)ri8m and the grating. When a narrow 
beam of parallel light falls upon a prism, the dilferent wave 



Figure 15. Spoctroiueicrs 

above: a simple spectrometer; below: a fpiartz double monochromator. 


lengths pr<\sent in the Ixmm suffer diffcnuit dc'viations in passing 
through the prism. As a result, each wave length emerges with 
a slight angular separation from its neighbors. Since, in practice, 
bt^ams of light are generally divorgtuit rathiu’ than ])arallol, the 
prism alone gives rise to a spectrum in which th(»re is some ovct- 
lapping of the wave lengtlis. 

The simple optical spectrometer (see fig. 15A) prevents this 
by employing a lens which forms in the eyepi(ice a narrow image 
of the slit through which the light enters. By repla(*ing the eye 
piece by a slit, the instrument may be used as a monochromator 
or monochromatic illuminator. 

For work in the idtraviolet region, the prisms and lens must 
be of quartz. Fig. 15 B represents the optical system of a typical 
((uartz double monochromator. Tn most instruments the prisms 
may be rotated by some device which is connected to a drum 
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calibrated in wave lengths. Turning this drum to a certain wavv 
hmgth roadiiig sets the ])risnis so that only this wave lengtli is 
permitted to pass through the second slit. Table 4 gives the 
relative intensities of the lines in the ultraviolet spectrum of the 
quartz mercury arc as transmitted by such a monochromator.^) 

Table 4. Relative Intensities of II g Spectral Jiines 


Wave 

Kdative 

Wave 

Relativo 

Jjongth 

1 Tnt<‘iisity 

J.i(mgth 

Iiitcnsitv 

A 


A 


2{)G7 

j 528 

2345 

20.0 

2925 

I 117 

2302 

10.6 

2894 

209 

2284 

13.6 

2804 

371 

2253 

6.6 

2754 

1 63 

2225 

7.9 

2700 

1 88.6 

2191 

4.75 

2653 

: 735 

' 2150 

2.74 

2536 

: io(K) 

1973 

0.128 

2482 

! 218 

1943 

0.097 

2399 

51.5 

1850 

0.017 

2378 1 

; 40.0 




(Iratiiigs are also used to jiroduee spectra of visible' and ultra- 
violet light but since their ajiplieation is more strictly confined 
to special work in s])ectroscopy, a discussion of their eharaeteristies 
will bii omitted. 

While monochromators ai-e (h'signed to give high spei^tral 
})urity of the isolated light, some degree of inqmrity seems una- 
voidable. in general, sonu* intensity of radiation of shorter wave 
length than that desir(*d is transmitted by tlu' instrument. This 
ilefect may be greatly rediuu'd by using with tlie monoiiliromator 
a filter having a ‘‘cut ofi”’ on the short wave h'ligth sid(‘ of the 
desired radiation. By so doing, the intensity of tlu^ unwanted 
wave lengths may be reduced to practically zero. An excellent 
list of such filters is given in a table (12 — 5) in Photoelectric Pheno- 
mena by Hughes and Du Bhtdge and the ultra vioh't portion is 
reproduced here with their kind permission (see Table 5). The 
wave lengths given in the tabk' are thos(3 at which the filter ceases 

In particular, a Hilger quartz double monochromator. 
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Table 5. Short Wave Cut-off Kilters 


(.'ut'Off 

Material 

'i 

Thickness, etc. 

1 Comments 

tK ‘0 A 

j thin eelluloid 

30 to 40 m fi 

Gradual cut-off 

1230 A 

j clear fluorite 

1 to 2 nini 

Only very occasional spia-imeus 
transmit as far as this 

1450 A 

1 clear ({uartz 

1 ^crystalline) 

0.2 mm 

Diffiuxmt specimmis have practi- 
cally identical transmission 
limits 

1500 A i 

1 

clear quartz 
(crystalline) 

2 mm 

Air ]iaths havi* strong absoip- 
tion below (his point 

H)00 A j 

1 

clear (quartz 
(crystalline) 

20 mm 


1700 A , 

oxygen in a 
quartz ( crystall- 
ine) cell 

10 mm, at at- 
mos. pressure 


i7r)((A j 

i 

1 

water in a 
quartz ( erystall- 
ine) cell 

20 mm 

Steej) (‘iit-off. (Lyman iinds, 
however, that 0.5 mm of 
water has a sharp cut-off at 
1729 A) 

1750 A 

(‘lear fus(‘d 
(juartz 

0.3 mm 

Transmissions: 1849 A, 21^0 
1971 A, 36% 
2002 A, 40% 

IS50A 

1 

quartz incu'cury 
lanq) 


1850 A is the shortest wave 
length emitted by a. new lanq> 

2000 A 1 

1 

clear fused 
quartz 

3 mm 

Transmissions: 2000 A, 0^’(, 
2100 A, 50% 

(different speciuKuis vary widely 
in ti’ansmission) 

UMH) A 

acetic acid in 

32 mm, 1 jiart 

'fhe concentrations are meitdy 


water 

acid in 1000 
parts water 

rough estimates; it is best to 
find by trial the desired con- 
centration 

2000 A 

acetic acid in 

vater 

32 mm, 1 part 
acid in 200 
parts water 


2200 A 

code 9701) 

5 mm 

Gradual eut-off ; ‘ ‘solarizes’ ’ 
with short wave hmgths 

2200 A 

caleite 

10 mm 


2300 A 

rock salt 

12 mill 

Lyman and Pfluger, however, 
found rock salt to transmit as 
far as 1750 A 

standard filters of the Coining Glass Works. 
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Cut-off 

1 Material 

Thickncs.s, etc. 

j Comments 

2350 A 

j ])-dirhl(3rben- 
i zone 

50 mm; sat. 
solut. in water 


2450 A 

tartaric acid 

3.2 nun; 1 i)art 
sat. solut. in 
64 parts water 


2500 A 

thiophene 

50 mm; sat. 
solut. in water 

8tecp cut-off 

2800 A 

benzol 


Steep cut-off 

2800 A 

code 97 P) 

2.1 mm 

Fairly steep cut-off 

2900 A 

code 0711) 

4.9 mm 

Fairly steep eut-ofl 

3000 A 

pyrexi) 

1 .0 mm 



to transmit appreciably. Tliese autlioi‘s point out that “a filter 
is sejldom found in wbicli the transmission change's from 50 p(*r cent 
to 1 percent or less in 200 A’\ 

Jn some cases it is possible to find a source giving widel\ 
separated lines in a desired wave length region. By using a suitabh' 
filter with sucli a sourc(3, it frequently occurs that but one line is 
transmittc'd . Such a combination may give much greater intensit>^ 
than could be obtained by the use of the monochromator. 

Because of the gr(*at intensity of solar radiation and the 
possible ('Ifects of daylight on biological reactions, some data 
are given on the short wave length limit of the solar sp(*x*truin. 
This limit of the solar spectrum as recorded byji photograpliic 
plate at various altitudes of from 50 to 4560 meters was found 
by one observer to be 2910 A. Another (3xp('riment carric'd out 
at 9000 meters showed energy j)resent at 2897 A. The (joiujlusion 
is given that the intensity, at the surface of the earth, of the solar 
radiation of wave length 2900 A is jiot more than one-millionth 
of the intensity at 3150 A. This sharp cut-off is ascribed to tlie 
ozone })resent in the upper layers of the atmosphere. Nevertheless, 
though the absorption approaches asymptotically 100%, we must 
keep in mind the possibility that extremely small intensities of 
the lower wavelengths exist in day light. This is important since 
in biological radiations, we are dealing with very low intensities, 
far beyond dete(ttion by photographic plates. 

standard filters of the Coming Glass Works. 
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Table 6 gives the absorption of ultraviolet by 1().97 miu of 
distilled water. This, together with the absorption speetruiu of 
oxygen, shows plainly why in biological radiations, no exj)eriments 
are carried below 1900 A. 

Table 6. The Absorption of ITtra violet in Distilled Water 

(16.97 mm) 


Wavr Ix'iigth 

A 

Ahsor])tion 

o 
, <» 

1S60 

6.S.9 

1930 

2i,:> 

2m) 

11.2 

2100 

9.S 

2200 

1 9.2 

2300 

I ;i.() 

24(.M) 

0.2 

2600 

! 4.2 

3000 

2.r> 


l\ THE INTENSITY xHEASl HEMENT OP VISIBLE AND 
ULTRAVIOLET RADIATION 

Arranged in ordca* of increasing sensitivity, tlu^ deti'ctors of 
visible and ultraviolet light are: tin* therino(^ou])le, th(‘ photo- 
gra])hi<‘ plate, the photoideetrh; cell and th(' photoeleiT-rii? counti'r. 

(1) The Thermocouple: The th(‘rnio(;oupl(‘ consists of a 
circuit (‘omposcd of two dissimilar metals or alloxs (set* fig. Ida). 


Figure 16. Thermoeouples 
left: a two-niotal thermo- 
element; 

right: a modern high- 
sensitivity thermocouple. 




If the junctions ari^ maintained at diffenmt temiierat tires, a 
current will flow in the circuit, which is proiiortionai to the temjie- 
rature difference of the two junctions. Modern high-semsitivity 
thermopiles are frequently built as diagrammed in fig. 10 b in 
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which A is a very liglit bit of thin gold leaf. 1 or 2 nim‘^ in area. 
The gold l(*af is supported by two line wires, oiu' of a bismuth- 
antimony alloy, the other of bismuth-tin, which are soldered to 
th(‘ heavy leads, f/. By using pieces of small dimtmsioiis, the h(‘at 
eapa(*ity of the instruiiK'ut is low, as is th(‘ heat loss by conduction : 
thus, the sensitivity is high. Used Avith a sensitive galvanomett'r, 
such a thermopiles will give a detectable deflection when the 
radiation falhng upon the gold leaf has an intensity of approxi- 
mat(‘ly W v \() eal /e]n‘‘^/s('e. or 1 10' “ ergs/enr-^ 's(‘e. Tlu* ad- 



A: Kastman SpeeihA ay; Yf : Eastman 40 : 
C: Eastman 35; D: Eastman Process, 


])hotographic plate. 


vantage poss(‘ssed by the* th<‘rnio[)il(* ovc^r the' otluT means of 
intfuisity measurenumt is that its res])onse is tpiite indi'pendent 
of the wave length of the radiation. For this reason, it js ofteni 
used to calibrates a source', of ultraviolet for instance, in terms of 
the (‘uergy in tins form of visible light, emitted by a standard 
tungst(*n lam]3. Tlu' disadvantage of the thermo])ile is its low 
sensitivity as compared to the other instruimuits for thisty])(‘ of 
measimunent. 

(2) The Photographic Plate. Photographic plates mani- 
fest the defee^t just mentioned, namely that of giving a response* 
which is not independent of wave length (see fig. 17 taken from 
C.F. K.Mees, 1931). Eurthermore, the blackening of the emulsion 
for oiui wav(^ length is proi)orti()nal to the intensity only over a 
ndaf-ively short intensity ranges perhaps 1 to 20 (see fig. IS). 
A papt*r ri(^h in information on the characteristics of photogra])hic 
emulsions is that of L. A. Jones and V. C. Hall (1920). 
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Plates have been evolved which are particularly sensitive to 
different wave length regions: the Schimvnn plate, for exain])le, 
in the ultraviolet. The sensitivity of the Sciicmann plat(‘ for th(‘ 
ultraviolet depends upon the absence of gelatin. Gelatin has a 
strong absorption for wav(‘ lengths below 2800 A and Ix'conu's 
j)ractically opaque cv(‘n in very thin layers for wave lengths in 
the neighborhood of 2000 A. 

R('cently, evcui })ettcr plates have b('en obtained by scaisitizing 
ordinary plates. They art' (‘overed with a V(“ry thin tihu of 
a. substance (a carboxylic (‘sUt of \ 

dihydro-eolloidin furniture polish) 

which lluoresces strojigly und(‘r the -J 0 f I 

action of ultravioh't with tlu‘ (‘mission / \ Y \l 

of longer Avav(‘ lengths which easily _ -L. 

pcau'trate tlu^ g(‘latin. About the 

low('st s(‘nsiti\ity to which th<‘ photo- A 

graphic emulsion will n'spojid is 12000 

quanta /cm“/'s(*e , or 10 ergs/em-, s(H*. Oalmomcfcri J 

at a wav(‘ l(‘ngth of 2000 A. 

^ M I M 

(3) TIk- t'hotooloct.ric ('(‘IJ. l*h(.tiM']c<tnc cell. 

In photo(dcetrie (X‘lls, radiation falls 

iipoji a metal surfae(‘; tlu^ photo(‘le('trons (s(‘(‘ p. 10) (‘ji'ctetl 
form a photo(‘l(‘etri<*- currc'nt Avhich is propoi’t iojial to tli(‘ 
intensity of the radiation. xV lin(*ar r(‘lati(mshij) betw(‘(‘n th(‘ 
phot(^(‘leetrie eurn'iit and intemsity has Ihm'U t(‘st(‘d in prop(‘rly- 
d(‘sign(‘d cells and found to hold over a rang(; of intensiti(\s of from 
1 to 50 million. This is many times greater than the linear portion 
of th(* photographic emulsion curve which (‘.xti'iids oV(‘r an inten- 
sity range from 1 to 20. Not all (commercial (Xills giv(‘ this Ixihavior, 
however. In fact, it is quite unsaie to assume a linear r(‘lation 
between ])hotoelectric current atul light intensity for any but 
specially-made cells. The sensitivity of j)hotoel(‘{;tric e(‘lls is 
roughly that of the photogi*ai)hie plate. 

Photoelec'tric e(dls are of two kinds, vaccuum ajid gas-fill(‘d. 
In principle they opc*ratc in tlu^ same way. A glass bulb (s(‘(* 
fig. 19) has deposited over most of its inner surfaexe a coating 
of the photoelectric clement, e. g. Na, K or Mg. This coating is 
in contact with a wire which is sealed thremgh the glass wall of 
the bulb. Another wir(‘ is sealed in a side arm, xl ; a batt(‘ry main- 
tains the coating negative with resjiect to the wire at A. With 


Pigiirc’* I!). 
Ph()t()(‘Jt‘(‘tii(* (‘cJ 
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th(* window covered so that no light can enter the cell, the g^llvano- 
nu'ttT reads zero indicating that no current is flowing in tlie 
circuit. If light is allowed to fall upon the mc'tal surface, photo- 
electrons are ejected from the atoms of the metal film and are 
attracted to the central wire. These electrons flowing through 
th(‘ wire cause the galvanometer to deflect, which is a measure 
of the photoelectric current. 

N(‘C(*ssarily, in such cells, the energy, hv, of each quantum 
to be measured must Ik* grc^atcT than the energy required to 
remove^ an electron from th(‘ surface, that is hr>Eoo — E q. This 
equation applies to isolated atoms. In a photoelectric cell, th(‘ 
photoel('(5trons must not only lx* removed from the atoms hut must 
be shot away from thi' metal surface and eventually evvn through 
it. This requires a little more emu’gy. The energy required to 
lemovc^ a photoelectron from a photoeh'ctric surface* is called 
th(‘ “work fuiHition”, 

The* situation in the sensitive surface of a photoek'otric cell 
is further (jomplicated be'cause of tin* impossibility of having this 
surface* (consist of one kind of atom. With the* best high vaciuum 
technique known today it is imjwssible to prevemt contamination 
with various atoms, cliiefly those of the gas(‘s prevalent in the* air, 
such as oxygen, hyelrogeii and nitrogen. The r(‘sult is thst IFq 
for a give'll metal de'pe*nels considerably u])on its history and the 
e*are with which it has been freed from gases. The ])Ui*pst surfaces 
are* ])r(‘])ared by distilling metals in a high vae*uum. Table 7 
gives the photoelectric work functions, fl y, for various metals as 
obtained by diflereiit investigators; only a few metals being 
givt'n, since these may be re'gardexl as repre\s{‘ntative\ (Further 
data may be found in Photoelectric Phenometni, Hughes and 
Du Bkidge). The threshold wave length in A refers to the longest 
wave length which will eject j)hotoelectrons from a giv(*n surfa(^e, 
and this may be transformed into a value in electron volts — then 
called the jdiotoelcctric work function — by the equation 

12330 

W= A-hTA 

The first three columns show how the value of the long wave 
length limit or the work function depends upon the treatment 
given the surface. It is rare in this work to find the results of two 
investigators coming within more than approximate agreement. 
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Table 7. Photoelectric Work Functions of the Metals 


Ag 


A1 


Cd 


K 


Li 




Na 


Ni 


Zn 


Threshold Wave Lt'nji^th in A 


1 ; no 

partial 

extended 

taitgassing 

outgassing 

outgassing 

i 3213 

2888 

2010 (20H:) 

' 3250 

3150 

2700 (OOOOC) 

: 33(4 



; :i:i9o 



3400 

3()52 


' 3595 



3050 



' 41.32 



!| 4770 



!; .5000 



! 3050 



3130 



3140 



33(^2 



i| ^StiO 

.5500 

5500 

Ij 0700 

;)800 



.58fM) 

1 

; 

0200 



0;)(M) 


i 

7000 


i 

7000 i 


|i 5200 

i 4,300 1 

.5400 1 

i 

.5200 i 



50(M) 



5800 


' 3300 

:,:io,50 


3820 



7000 



1 5830 

5500 

.5000 

0100 

5500 


•1 

(54(X) 


i 30,50 

2700 

2403 

1! 3305 

3040 


J :ioio 

.3182 

3720 

!' 3200 


3400 

l| .3425 


(Single 

ll 3700 


crystal ) 

li 4009 

1 



in volts 


4.7:1 


(2.r> to :hh) 


(LOO) 


(1.70 to 2.2;")) 


(2.1 to 2.0) 


(-:l40) 


1.90 to 2.40 


5.01 


3.02 

3.57 
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CHAPTER I 


The fourth coluniu gives the best estimate of the value of IEq 
that could be made for th(‘ various metals. 

(4) The Photoelectric (Counter. The photoelecitrie tube 
(•(junter is merely a ])hotoelectrie cell of a special geometrical 
shap(‘. Ill such an instrument, the individual photoelec.trons an^ 
r<‘corded, making it much more sensitive than the ])h()to cell in 
Nvhicli photoelectron curnuits are measured. The lowest intensity 
which is mcaisurabki with a (nmiitor is about ergs/cm- see. 

or about hOO cjuanta/cm-/sec. 

Jn a coiint(*r, the photoelectrically active element is dc'posited 
on th(‘ insid(‘ walls of a cylinder, and the collector is a fine wir(‘ 






Fiji are 20. 
l‘h()to(‘l(‘C*tric tuhi‘ 
counkT. 


insulated from the cylinder and stn'tched along its axis (se(‘ 
tig. 20). It is fill(‘d with some gas to a ])r(‘ssure of about 10 cm of 
mercury. The midal tube* is connected to the negative terminal 
of a battiTy of p(‘rha[)s 1000 or 1500 volts, and th(‘ collecting wiri' 
to an amplifier, such as is found in a radio receiveT. 81its may be 
cut ill the (\vlinder to let in the light, or it may be allowed to shine 
in tlu' ends of th(‘ cylind(T. Each tiiiu' a jihotoelei^tron is (‘j(‘cted 
from the walls c»f the tube, it will Ix^ accelerated toward the wire 
(which is ]jositive by 1000 or 1500 volts) and in its course through 
the gas will ionizi' some of the atoms with which it collides. The 
(‘k'drons thus frt*ed art' also attracted toward tlu^ wire and in 
turn form more ions. In a very small fraction of a second all these 
negativt' ions will rt'ach the wire. This momentary movement of 
charge is etpiivalt'nt to a small current whit'h when amplifit'tl, 
produces a “plunk” in the loud speaker. The number of “xilunks” 
pt'f setxmd indicates the number of ])hotoelectrons ejected pt'r 
st'cond; this number is proportional to the number of quanta 
striking fht' inner wall of the tube each second. While in ust‘, the 
counter gives a few counts per minute when no radiation from 
th(^ source under experiimmt is falling upon it. These are due to 
(cosmic radiation, local gamma radiation and a, p and y rays from 
radiocative impurities in the metal of the wire and tube ; they are 
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called “dark counts", “strays” or background radiation. Tlic 
(lifTerence betwinui tlie number of counts when the countiu* is (‘\- 
|)()<(‘d to and sliielded from radiation is ])ro])ortional to the intiai- 
sity of th(‘ incident radiation. Fig. 21 illustrates data taken with 
an aluminum counter by Frank and Kodionow (19:H) to i)ro\(‘ 
th(‘ radiation from chemical r(‘a.ctions and from tetani/ed muscle 
Tlu‘ dott(*d line indicates the number of “strays” and the solid 
line the total number of counts when the countia* is (‘.xposed to 



FiiLiUic2I. 'I'lvc ordinates arc the iimnluM- of impacts obtaiiUMl pei* 
o jnuint(‘ interval, anIicii tlie eonnter is exposed alternati'ly tor 5 minutes 
and sliK'ldcd from the source of radiation. 'I'lu' source of radiation \ias 
at the left th(' ehemieal react ion K./Jr.^O, -P F(‘S(),. at. tJie riuht a tetamzcMj 
sartorius muscle of th<“ froi:. 

the radiation, a o minute exposun^ being altiTiiated Avith A nuniiti's 
of shi(‘lding. 

It has b(‘en found that for thi^ ordinary counti'r (as w(‘ll as 
for th(' photoideetric c(‘ll) only about 1 (juantiiiu in lOOOO striking 
the walls ejects a ])hoto(dectron into t he gas of th(‘ tiilx* The num- 
ber of quanta incident ujion a surface^ dividiul by tin* nuinbir ot 
])hotot‘lectrons ej(‘ct(*d, or the avtu'age number of (juanta. nupiired 
to (‘ject one* pliotoelectron, is called the photovlcr-triv tfirld of th(‘ 
surface. Tin* jdiotoelectric yield is the r(‘ei])rocal of tin* (‘fli- 
cieney of a surface, A perfectly (‘ffichmt surface^ would yi(‘l(l 
one ])hotoc‘l(‘ctron for ('V(*ry incident, quantum. 

Yields of surfac<*s in photoelectric counters havi‘ n(‘V(‘r bemi as 
high as those in photoeh'ctric e(*IIs b(*eaus(' the active gases H, O, 
etc. with which these counters are Idled will redu(*(‘ the s(*nsitivity 
of the surface. It should be possible to iill a countin’ having a highly 
sensitive surface with some im^rt gas which will not reduci‘ the 
sensitivity. Werner (1935) recommends 75 ^'^Ne and 25^/()Hc. 
How(*wer, the expi^rience of one of thi‘ authors shows that it is 
difficult to obtain sharply defined counts with this mixture’. More’ 
literature is quoted in (Chapter IV, p. 91. 
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The valuers of Table H represent maximum yields obtained 
by experienced workers. Grenerally, yields of 100 or eveji 1000 
times these* valiu*s are^ considered to be good. 


'I'able S. Highest yields obtained with various surfaces at the 
maxima of theiir spectral distribution curve 



_ 

1 Yield expresseel in 

Mei-al 

\V ave* length i 

coulombs j)er 

quanta per 



cal. 

electron 

A1 

i>3(>() 1 

0.01 > 10-2 

763 

K 

1200 j 

3.00 10-2 

28 

Mg 

2500 ; 

5.20, 10-2 

16 

Na 

:uoo 1 

j 0.57 ' 10-2 

134 
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SOURCES OF RADIANT ENERGY 


Kadiaut encTgy may originatt* imdta* widely varying eondi- 
tions. Warm bodies radiate lu^at. WIkmi the t.(‘m])eratiiire rises 
very high, the, radiation bt‘eomt‘s visible. Praetieally all our 
sources of ilhimination, from the- oil lamp to the incandeseent 
light arc based on this principle. lIow(‘ver, visible radiation may 
also b(‘ produced from chemical jmx essi's, without great incri'ast's 
in temperature, as in the slow oxidation of phosphorus or in the 
light of the tirelly. Too, wlien an eleetrie current is s(‘t U]) in a tub(^ 
containing gas at low pr(‘ssur(\ though tlu' buniuTatun^ rcnnains 
within a f(‘W d(‘grc*es of the room, the tub(‘ will emit light. 

In this ehapt(*r, a division is made betwei^n physical and 
chomi(;al sourc('s of radiation. Though the ehcMuical source's of 
radiation are* more' important Ix'cause tln^y show us that wi* may 
(‘xpect radiations in biochemical processes, the* physical source's 
arc much better known. The discussion Ixgins th(*r(‘foro with 
the physical sour(X's of rays, followed by th(' cJieniical source's of 
such rays; in Ohapter III, the biological eth'cts will also be first 
demonstrated with rays of physical origin, and aft('rwards with 
those emittcil by chemical reactions. 

A. PHYSICAL SOURCES 

Thermal Radiation: Returning for the moment to tJic wave 
theory of light, we remember that tli(i oscillations of an c'lectric 
charge result in the production of radiant cmc'rgy. Let us se<^ how 
this idea may be applic'-d to the various sources of radiation with 
which we arc familiar. There is, first, the fact that all bodies omit 
at all times radiant energy ; they also absorb at all times radiant 
energy. This radiation is due to the vibrations of the atoms (built 
of electric charges) of which the body is C'omposed. At ordinary 
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temperatures, this radiation is of ver^^ long wave length. However, 
the radiation beeomes visible when the temperature of tlu^ bod\ 
r(‘a(‘Jies the neighborhood of 500® C. — witness the dull red (^olor 
of iron whieh is being heated. At still higher temj)eratures, g. 
tliat of the tungsten filamtait in an elee.trie bulb, the (tolor of tht' 
radiation is changed to nearly white, and in some of tlu‘ hotter 
stars to a blue-white color. Radiation whieh arises as a result of 
th(‘ temp('ratur(‘ of a body is known as hlach body or thermal 
radiation. The* i)e(ailiarity of a tluTinal radiator is that tin* distri- 
bution of (Miergy among the wavelengths depends not at all U})ontlu‘ 
atoms or moleeult's of the body, but solely upon its temperature. 
Table 9 givi's the (‘iiergy radiati'd by a tungsten filament at various 
wave lengths for the two temperatures 2500® and 3000® C. It can 
be seem from tlu^se data that thermal radiators are poor sources 
of ultraviolet. 

Tal)I(‘ 9. iS])ecti‘al Distribution of Thermal Radiation 
from 'rungsten 


Wave Jii'iigth 


\vatt/cm*b 

in A 

2500® C 

3000“ ( ' 

2000 

0.07 

8.32 

2500 

1 

i 

315 

:?ooo 

125 

2980 

3500 

809 

13100 

4000 

,3300 

i 35900 

4500 

■ 8930 

73100 

5000 

18400 

122000 

5500 

31400 

170000 

0000 

47000 

230000 

0500 

1 052(K) 

1 270000 

7000 

; 82700 

315000 


Atomic Radiation: Everyone is familiar with the neon 
signs so fre(piently used at present for advertising purpose's. 
Thes(‘ are nothing more than discharge tubi's hik'd with neon or 
a mixture of neon and other gases. They are fitti'd with metal 

i*^ the rate of emission of energy in watts, from 1 em^ of 
surface, in a direction perpendicular to tlu' surface, per unit solid anglt', 
for 1 cm range of wave lengths. 
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terminals to whieh electrical potentials art* applied, potentials 
high enough to cause ionization of the gas atoms in tht* tube. 
The atoms lose and r<*gain (*lectrons many times a st'cond with 
the emission of light each time an electron is regained. Such 
tubes are known variously as arc, glow' and discharge tubes depend- 
ing upon the pressure of gas within them and tlu* voltage nt'ct'ssary 
to make them function. The most practical sources of ultraviolet, 
namely the m(*reury are and the liydrogen arc are of this type*. 
Other sources may d(‘pend simply upon the ionization of air 
b(*tween two naked terminals, su(‘h as tlu* earlum arc or the 
iron or tungsten spark. Tlu* latter two are strong sourct*s of ultra- 
violet but suffer from tlu* disadvantage that t}u*y are not sources 
of constant intensity. In this type of source* the* t(*mpe*rature is not 
necessarily mueh eliffereiit from room tempe'rature • it is the 
electrical energy wliich causes the* iemizatiem of the ate)ms and tlu* 
r(*sultant emission e)f light. 

B. CHEMICAL SOUBCES 

Most of the* clu'inical re*ae*tions whie*h ])reK*e*(*d spontaneously 
are exothe*rmic, i. e. they libe*rate* e*ne‘rgy. Ordinarily, the e‘n(*rgy 
is emitteel in form of heat, as the name “exe)ther?nie*/’ implie*s. 
Oe‘e’asie)nally, howe'ver, the re*ae*tie)n e‘ause*s Iumine*se*e*ne(*, tlu* 
e‘ne*rgy be*ing liberated as visible* light. As e*xamples may se*rvt* 
the light profluceel eluring the sle)W' e.)xidatie.)Ti of phospluu'us, at 
the hyelrogen-e)xygen e*ombinatie)n, at the re'ae'tiem eff ])e)tassiutn 
with water, eu* at the eixielat-ie)n e)f pyre)gallic aciel. Habe'r has 
shown that the.se* are not cases e)f light prodiu-cel by heat, but 
that })art of the original energy of re*action is liberateel in the form 
e)f visible* light. 

By far more common is the e*manation e)f ultraviolet light 
Recent investigations make it ap])ear ve'ry probable* that all 
chemical reactie)ns emit part of the*ir e*ne*rgy in the* fe)rm e)f short 
ultraviolet rays. This has be'cii prove*n for such simple proce*s.ses 
as NaOH I HCl === NaCl-t-HgO, and even for the solution oi NaOl 
in water, i. e. NaCl — Na++Cl“, as will be* shown later. 

Orelinarily, the raeliations are very weak, altogether te)e) we*ak 
to be registered by the photographic plate. However, it has been 
possible to prove their exist(*ncc by the Getgek-Mullkr counte*r 
which is essentially an extremely sensitive photoele(;tric cell 
(see fig. 21). 

Protoplasma-Monographien IX: Rah n 3 
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in thi8 way, Fkai^Jv and Rodionow (1932) proved that a 
nunib(*r of coninion elu'mical oxidative reactions produced an 
ultra-violet radiation which could be demonstrated with a suf- 
ficiently s(‘nsit.iv(‘ instrument. Table 10 gives their results. It 
was also observ(‘d at this time that in some of the reactions, the 
(unanation is greatly increased in the presen et' of diffuse day light. 
This physical proof of light from chemical reactions has been 
v(Tified by Gi Erlach (1933) who showed that this radiation 
appciars only from (juartz vessels, not from glass containers; 
therefor(‘, it must be of a wave length shorter than 3500 A. 
Audubert and van Doormal (1933) also measured photo-elec- 
trically the emission of ultra-violet hght by several inorganic 
oxidations, by tlie oxidation of alcohol with chromic acid, and by 
pyrogallic acid in air. Recently, Barth (1934) could also prove 
the ('xistencc' of ultra-violet emission from proteolysis whic-h is 
known to givt* an imnK'asurably small heat of reaction. In all 
of 25 exptTiments but one, the numb('r of photo-electrons was 
largtT when exposed to radiation from proteolysis than without 
this, and in 7 exf)eriments it was mor(‘ than 3 times as large as 
tlu* error. 


i’able 10, Id tra -violet radiation from 
chemical reactions 


Increase m 



Tun(‘ 

1 Photon impacts ])er jj impacts by 

Chemical Reaction 

Interval 

. time interval 

! 

! chemical 
reaction 


Tiiiiiutes 

oxposed 

contiol 

I absolute 

pCH’Pllt 

Rvi-ogallic acid -fNadll H air 

10 

15 J 1.2 

10 i 1.0 

5 ! 

5t) 



38 ± 2.0 

26 J 1.8 

12 

16 

SiK’h-l-IIgCla 1 

10 

29.5 i: 1.7 

26 ±1.6 

3.5 1 

13 

K(‘S( )j-}-K2Cr20-(dift. li^^ht) j 

(P) 

18 ! 1.7 

13 ±1.5 

5 1 

38 

•.» 1 

4^) 

17.5±2.1 

13 ±1.8 

4.5 1 

31 

,, ,, j 

(ff) 

18 ±1.7 

12 ±1.4 


50 


9^) 

36 ±2.0 

26.5 ! 1.7 

9.5 

36 

KeS(_) 4 -f-K 2 Cr 207 (dark) . . i 

15 

27 1 1.3 

17 ±1.0 

10 ! 

60 

" i 

4^) 

12 ±1.8 

11 ±1.7 

1 1 

t) 


^) Radiation passcfl a monochromator, only the rays bt'tween 2000 and 
2700 A 'Were measured. 
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These radiations are so very weak that only the most sensi- 
tive counters will detect them. However, living cells under cer- 
tain physiological conditions react very promptly upon irradiation 
in the wave length range 1800 — 2600 A. In fact, they are so 
sensitive that it has been possible to use them in place of photo- 
graphic plates for determining the spectra of such radiations. 
The organisms most used in these experiments are yeasts the 
growth rate of which is accelerated by short ultraviolet rays under 
certain conditions. The 


biological aspects of this 
acceleration will b(' dis- 
cussed in Chapter TV. 

The original methofl 
consisted simply in pla(i- 
ing before^ the collimator 



slit of a (|uartz spectre- Figure 22. Eirst to obtajii a 

gi’aph a quartz tube uutogouetic six'cttuni 

with tho reagents to be '‘= «« ^'leetrioMly oxcitod 7J: tho 

® . (piartz i)ris!ii; C: agar blocKH with yeast on 

tested, and to substitute tlu' expos(‘d sulc, (‘a»*h block receiving rays 
tJi(* photographic plat(' ... known wave length, 

by a succession of tiny 

bloc'ks of nutrh'nt agar on which yi^ast in th(‘ propi'r ptiysio- 
logical condition was growing. Fig. 22 shows the first attiunpt., 
by KRJ^NK (1929) to obtain the spectrum of a frog niusi^h*. 
Each yeast block was tlius (‘xposed to a definite' range of tlu' 
spectrum which could be d(*temiin(Mi fairly aeeurati'ly. Afti't* 
irradiation, the yeast was permitted to grow for a short time' 
in order to bring out the gi'owtli rate differi'iices, and was tlnm 
eonqiarcd with the controls. 

By this mctliod, Kanneoiesser (1931) working with yeast 
blocks, cacli representing approximately 50 A, studied three 
type's of oxidation, namely pyrogallic aeid in alkaline solution 


found that the- growth was stimulated only on the* two blocks 
receiving radiation from 2220- — 2280 and 2280 -2340 A None' 
of the* either eletccteir blocks dilfeire*el appreciably fremi the 
controls. 


Erom these results, it woulel appe^ar that all three ejxielations 
gave the same spectrum, as far as can be* ase^crtaineel with this 
ratheir crude method. 


, 3 * 
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The next advancement was the division of tiie spectrum into 
separate stri]>s of exac^tly 50 A each. Potozky (1932), by means 
of glass needles and heavy cellophane, prepared a chamber 
(fig. 23) the sections of which corresponded exactly to the 50 A 
divisions of h(‘r spectrograph. By this simple instrument, Braun- 
STETN and Potozky (1032) showed that the spectra of different 
oxidations possessed certain specific regions besides the general 
oxidation spectrum. Tlie data of 7 separate experiments are 



Figure 23. 

J)eviee for expo.sing 
yeast to siK'eossivi* 
rang(‘S of the spee- 
tnnn of HO A each. 


reproduced in Table 1 J . The various spectra are not quite id(*nti(tal, 
and even tlu' rath(‘r crude determination by 50 A strips shows 
differc'nces which remaine<l typitally constant wht'ii t.h(‘ experi- 
ments were rep(‘ated. The limit of error is 15. 

Table 11. Induction Eflccts obtained from 50 ANfisTJtoAi stups of 
the Spectra of vjirion.s Oxidations 


Detector: CVll Numbers in litpiid Veast C'ultures 


KMnO^+HaOa .... 
K 2 Cr 207 +FeS ()4 . . . 
HN 03 +FeS 04 ( + H2S()4) 
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HgOa 1 l‘t 

HgOlg 1 SnClg .... 


1 

>c 

1 

0 

0 

2 

1 

1 

o 

0 

I 

1 

S 



f 


1 


cq 

1 

1 



o 

g 

0 

»o 

05 

-L 

c 

0 

i 

0 

100- 


i 

'N 

1 

g 

i 

CO 





(M 






-fio 

4-8 

-N 

1-18 

+30 

+18 

+63 

+18 

+ 70 

1- 2 

4 11 

4 H 

-f 4 

4* 2 

+30 

+23 

+68 

0 

1-45 

0 

+ 5 

—7 

4-3 

-f 5 

-t- 4 

4-2 

4 10 

4 19 

4 29 

+34 

f 7 

0 

0 

4- 4 

4- 8 

1+20' 

4 23 

+ 26 

-f 28 

— 6 

1- 

_2 

-1-3 

4- 7 

- 9 

0 

+46 

4 78 

+90 

+51 

4- 

-3 

0 

4-13 

+29 

+ 39 

+29 

+20 

+36 

8 

+ 4 ! 

4-b 

—2 

-h 3 

f49 

- 4 

+60 

1-58 

+97 

4 36 



1 


1 


Range ob- 






1 


tained 

hy 








K ANNE- 




1 




GIESSh 

H 



d-r> 
-M 
—7 
+ 2 
—2 
Pl 



SOI RCES OF RADIANT ENERCJY 


37 


It was also found that diffuse daylight increases the intensity 
of som(‘ r(‘actio!is, e. g. of K 2 Cr 207 | FeS 04 , but do(‘s not affect 
the spectrum itself. 

A still more detailed anahsis was finally accomplished by 
PoNOMAREWA (1931) wlio iiscd 10 A seclioiis. It was impossible 
to divide the agar surface into such narrow strips and then' was 
always the iwssibility of confusion by tlu' spreading t'lfcct (st'c 
p. 110). Tlu'refore, Pi^nomarewa screeiu'd off all radiation exc(‘])t 
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oxidation ( i*yro^allol) 
simar fcrnuMitation 
nu<*l(‘ast‘ ( jjhosphat asi* ) 
phospliati' cloavano 
protc'olysis 

sum of all al)ov(' reactions 

amylase 

maltase 

siiera.se 


Figure 24. .the spectia of some common tuological leactions. 


one narrow slit of 10 A. Tin* position of this slit could be changed 
ov('r the (uitire spectral range By this m<‘thod, only oiu* small 
jiart (iould Ik* .studii'd at oik* tinu*, and the jirogn'ss of such ana- 
lysis is slow. Howi^ver, if tin* general spectrum has bi'i'ii im^i'sti- 
gated by the above-mentioned coars(*r mi'thods, the* negative* 
n'gions nei'd not be (‘xamined, and tin* amount of work is thus 
greatly rediUK'd. On account of the v(*ry low intensity, this proi'c- 
dure is usually combined with intermittent radiation (s(*e p. 103). 
In this way, Ponomarewa could show that tlu^ glycolytic spectrum 
of ])lood consists of only 5 regions, or, more pr(*cisely, that only 5 
of the ()0 spaces of 10 A each manife.sti'd mitogenetic effects (s(‘e 
fig. 24). There may be more than one spectral line, of course, in a 
strip of 10 A. Recently, Decker (1934) succe.edi^d to to split the first 
double line of this spectrum into two different lines of 5 A (*ach. 
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"riip uiost important result, however, was the observation 
that these bands coincided exactly with tlios(' of the alcoholic 
f('Tmentation by yeast, and also with those of the lactic fermen- 
tation by 8trej)tococci. Gukwitsch concludes that there must 
be some process common to all of these sugar decompositions, 
giving off the same radiation. This seems probable since it is 
generally assumed that the cleavage of the hexose phosphate 
through glyceric aldehyde to methyl glyc^xal is common to all 
three types of sugar decomposition. 

As a consequence of these splendid findings, the method was 
used for a number of frequently-occurring biological reactions. 
After some ])reliminary analysis by Lydia (tUkwitsch (1931), 
Billig, K ANXEGiEssiCR and SoLOWJ EW (1932) produced the detailed 
proteolytic spectrum. Two sets of data were obtained, one with 
the digestion of serum albumin by the gastric juice of a dog, and 
another from the splitting of glycyl-glycine by erei>sin. The two 
spectra i)roved to be exactly alike. The authors assume that the 
source of radiation is the d(‘aminisation of the amino-acid group 
(se(* also Tal)le 23 74). 

The s])litting of nucleic acid by the pulp of adeno- carcinoma 
of a mouse has a spectrum dccidely different from that of proteo- 
lysis. It was determined by A. and L. Gukwitsch (1932a) and 
is also shown in fig. 24 together with that of glycolysis and of an 
oxidation. The ‘hiucleasc” gives a very long wave length. The 
same lines liave b(ien found by Gttravitsch in the dt'composition 
of lecithin by “lecithase’' (uni)ublished ; quoted from Bkaxjn- 
sTETN and Sevehtn, 1932). Since both enzymes split the phos- 
phoric acid radiijal from the organic rtmiainder, the Russian school 
now calls this the “})hosphatase spectrum”. 

Braunstein and Severjn (1932) attempted to analyze the 
speetrxim of a diffc'rent type, of organic; phosphate cleavage, 
namely that of amino-groups coupled with jxhosphoric; acid in 
phosphagen. This, according to Lunesgaakd, plays an important 
rolc' in the energy for the working muscle. They preparc^d 
La-creatin phosphate from muscle, and its chemical decjom- 
position by means of was the source of radiation. The 

spectral analysis was carried out by counting the total number of 
3"east cells (method, sec p. 72). The final determination, in 10 A 
strips, show(‘d 8 with definite radiation. The line 2000 — 2100 is 
doubtful, and was considered negative by these autlmrs, but has 
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subsequently betui {issuuied as positive in all Russian ])ublieations. 
The mitogenetie spt‘etrinn of the Avorking muscle (Rrank, 1929) 
eontaiiK'd soim* lin(\s wliich at the time could not be account tM I 
for, and Avhich now can be explained by this phosphate clcavag<\ 
I'hese are the detailed sjiectra of simpk' cliemical naictions 
})ublished at })resent, as far as Ave have be('n abk‘ to as(‘('rtain. 
As oxidation spectra, tlie tAVo double lines of pyrogallol oxidation 
hav(‘ Ix'en inserted; tliest* ar(‘ commonly used by th<' Russian 


Figure 25. 

Ci'rooA^ed ylass block for 
(‘X|)osmo bacterial cultures 
to th<‘ various Ava-vt* Icuj'ths 
of th(' sjj(‘ctrum, to be iiso<l 
with quartz plate in front, 
lakins, tin* ])lacc of the 
pliotomupli’c j)lat(' iu tJxe 
spt‘ctro,i»rapli. 


Avorkers for this jiurposc*. Rig. 24 shows that only randy is the 
same line produced by two dilfcnuit procc'sses. Kv(*n tlnm, it 
should b(' roa1iz(*d that avc* are not dc‘aling Avith triu* sp(‘ctral lines, 
but Avith relatively liroad regions, and that two identical strips 
do iu)t necessarily indicate two identic^al lin(*s, but ratlu*!* iw'f> 
(or more) proximate lines. 

Then* is also a spectrum shown which is tin* sum of all thesi* 
processes. We shall see later (p. 156) that tin* spectra oF n(‘rv(‘S 
fri'quently combine all of these hues, in addition t() sonn* otlna-s 
of unknown origin. 

'Tin* sp(*ctra of tin* action of amylase and maltasc*, and of 
suerase (invertase) have been obtained by Klijnitzkv and Pjio Ko- 
la eaa^a (1934). Th(* lines of these two enzymes agT't*(^ to a. much 
larg(‘r degree than any of the pieviously-mentioned j)roc(‘ss(‘S. 
This is to bo expected from tlnur chemical paT*all(4ism. 

Another method of obtaming spectra is that of Wolff and 
Ras (1932) who used bacteria as d(*.tectors. They mad(‘ a number 
of vertical grooves in a glass block which fitted into tin* camera 
of the spectrograph (see fig. 25) ; the grooves were cov(*red by a 
(|uartz plate so that they became tiny pockets into which the 
detector culture was placed for exposure. The wav(‘ length for 
each one could be determined accurately. 
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By this ])i*oce(lure, they found the spectrum of neutralization 
of acid and alkali to (‘onsist of three lines 

a strong line between 1960 and 1990 A 
a strong line between 2260 and 2800 A 
a weaker line between 2070 and 2090 A. 

Fig. 26 shows thest' regions, and also the spectra obtaiiu'd 
by Ras (quott'd from Rtivssen, 1988) for the Bunsenburner 
flanK‘. Tliis latter s])eclrum has also been jdiotographed, and had 
many more lines of longer wave length, some of wl}i(‘h are shown 



F’iiiiirc 2(i. IMiot()^ra])liK* and spectra: 

1. Bunsen buriKU' liaine, milo^em^tie spectrum; fL same, ])hotogra])hi(* 
spe(*trum; 111. Iteactio!! tf 2 H'b' ‘‘=*P^‘^*0’nni; IV. Reaction 

NaOH + HCl, mitogenetic s})ectrum. 

here, but yihotography failed entirely at the, shorter idtraviolet. 

• — The figure also shows the biologically obtained spectrum of 
the r(‘action of hydrogen with chlorine. 

ft slioidd not be gathered from this discussion that the 
iiulicated lines represent the (*ntire spe(‘trum of these reactions. 
On the (‘ontrary, it is most probabk' that it exttuids to both sides 
of the narrow range shown here. We are limited, however, by our 
indicators. Radiation below 1900 A will be readily absorbed even 
by air (sei* p. 23), and that abovc^ 2600 A does not produce mito- 
g(‘netic efi’ects (set' fig. 28); therefon* t}u‘y can not be observed 
by the methods enqiloyed here. They may be capabk‘ of jiroducing 
other biological effects hitherto unaccounted for, and ma\’ plav^ 
an inijiortant part in chemical rt'actions. 

A good summary of the Russian studies of mitogenetic 
s}K‘c*tra, including those of inorganic reactions, and with sufficient 
data to obtain a conception of the error of the method, has been 
given by A. and L. Gurwitscii (1934). 

The intensity of ultraviolet radiation from a chemical reaction 
is not pro 2 )ortional to the total energy liberated. This was to be 
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expected because the same holds true for the emission of visible 
light from ehemitial reactions. Strong mitogenetic elfetjts can be 
obtained from protein digestion by pepsiii or from milk coagulation 
by rennet while Ritbnek found the heat of reaction of proti'olysis 
to be immeasurably small. On the other hand, tlu' lu'at of neutrali- 
zation of acid by alkali is so large that it can be observed ev(‘n 
without a th(‘rmomcter, yet its radiation is relatively wt^ak. 

The origin of th(‘ spectra is by no means clear. Lorenz's 
criticism (1934) can be (‘xplaiiu'd in a eoncr(‘t(‘ example* as follows: 
If a s}K“ctrum represents tlu* radiant energy emitted by the redac- 
tion as such, then each reacting molecule must emit at k'ast ont^ 
(juantum of the shortest wave length obseTved in the* spectrum. 
'rh(‘ longer wave lengths might originate' tVom the' shorter one's by 
loss of elefinite ame)unts of energy. Thus, in the' case e>f sue‘re)se 
hydrolysis by invertase (figure 24) t'ach sucrose* me)le*cule* must 
(unit at Ic'ast e)ne* e(uantum ejf the* wave length 2020 A, i.e. e)f the* 
energy e*ontenl 9.<S x 10 “^^ Table' 1). The're* are O.l 10“'* 


6.1 X 10 *'^^ 

molecules in a grammolecule*, e>r - sueTe)se 4'he' 

minimal amount e)f raeliant ene*rgy fre)m 1 g of sue'rose* woidd 
then be : 

6.1 > 1023 x 9.8 v : 10-^2 

e*rgs 0.175 > 10^' e*rgs 

0.042 / 10'^ cal " 420 c*ale)rie‘s. 


The total energy liberate*d by this hyelre)lysis has be'e*n me*asure*d 
by Kurner (1913) by nmans ejf a De(’JvMANX thernK)me'te*r in 
silverlined Dewar bottles, and was fe)und to be 9.7 e;ale)rie*s ])er 
gram. This expe*rime'ntal value is emly one-fiftie*th e)f the* minimum 
amount calculate'el. It se'ems inipe)ssible that a|)f>re‘e‘iable ameiunts 
e)f energy e^emld have been lost by the methoel useel. We are* com- 
pelle'd te^ the following alternative: Either, the spectra do iie)t 
en’iginate* from the* re'actie)ns fe)r which the*y are* e*onsiele*re',d s])e*citie*, 
but from some quantitatively unimpeu'tant siele re'ae*tiem: e)r, the* 
calculated amounts are actually lib('rat(*el, but ai‘e* at once ahse)rl)ed 
again. 

This latter exjdanation does not api)e*ar e*ntirely impossible. 
The biologi.st is familiar with “false equilibria”, such as the 
stability of sugar in the presence of air, though it e oulel be oxidize'd 
with libe'ration of much em*rgy, and the' [)re)C(‘ss might, tlu*refe)i‘e‘, 
be expected to take place spontaneously. Moelern chemistry 
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(‘xj)lains this by tlu* necessity of ‘'activation’’ of tlie molecule to 
inak(‘ it react eh(*mieally. This activation requires energy. Fricke 
( 10,‘14) in an introductory suinmaiy, mak(\s the following general 
estiinat(\s : 

“Ct'iKTally, energies of activation are of th(‘ order of 100,000 
grain calories pcT gram molecule wliieli (equals 1.5x10 gram 
calories jjer mol(‘eul(\ At ordinary temperature, the average 
kinetic encTgy of a mok'cule is of the ord(‘r of 10'“^ gram calorics. 
Only the in(^()nceivahly small fraction of 10~‘^'^ of the molecules 
hav(' energies in ex(;ess of 10“^® gram calories per molecule. 

'‘The (juantum theory gives as the reason that activation 
may Ix' ]jrodnced by radiation, the fact that the energy of the 
radiation is carried in a concentrated form, as quanta. Th(‘ energy 
of a quantum of radiation is 5x 10~^®/A gram calories where X 
is th(‘ wave kmgth in the Anostkom unit. Th(^ wav(‘ kmgth has 
to b(‘ Rxluc-ed to the order of 11,000 A. before the (juantum has 
tli(‘ value 1.5 X 10~*® gram calories which, as W(‘ saw, represents 
the usual value for the (;n(‘rgy of activation per molcicule.” 

Tlu‘ (UKTgy of activation necessary for the hydrolysis of 
sucrose has not been determined. Tf wo assume it to be of the 
“usual value” as computed by Frk’KE it would Ixi (‘quivakuit to 
a quantum of about 8,000 A. wav^e length ptT mok'cule. When 
this is absorbed, the siieiose molecuk* h 3 alrolyses, and the amount 
of oiKTgy thus rek'ascd must be larger than that absorbt^d, b(‘cause 
of the additional h(‘at of reaction of 9.7 calories ]xt gram. The 
fr(*e energy will be absorbed at once by a neighboring siuTose 
molecule which becomes activated, and hydrolyzc^d, and thus the 
reaction go(‘s on. In this wiiy, all the liberated (‘iiergy is again 
absorbed, t‘xcej)t for the differenct' bctw(‘en heat of hydrolysis and 
heat of actiA^ation which wc measure as heat of reaction. 

llowevc'r, then? is another small “leak”. Of those molecules 
adjacent to the walls of tin* vessel, the entTgv may radiate into 
the wall 7’ather than to another sucrose molecule, and these few 
quanta would leave the system, and produce a radiation if the 
vessel is transparent. The amount of encTgy thus leaving tht^ 
vessel would be extremely small, and would be of a wave length 
equal or shorter than that required for activation. 

If this explanation of the mitogenetic spectra is correct, they 
would be an excellent means to measure the energy of activation. 
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C. SECONDARY RADIATION 

A phenomenon must b(' record{‘fl Jiere which was first Ixdu'ved 
to bi' typical of living organisms, but is a jaoptTty of certain 
chemical solutions, or systems, namely tlie emission of rays from 
a solution as a response to ‘‘primary” ra\\s diri'cted upon it. 

Tile first pur(‘ly chemical etf(‘ct of this kind was obs(‘rved by 
A. and L. Ookwitscu (1932b) with nucleic aci<l. A 3®o solution 
of nucl(‘ic acid was gelatinized in a glass trough. At one end, it 
was irradiat(‘d with the liiu^s 3220- -3240 A from a cop])er arc, 
through a monochromator. At the other end of the trough, 
radiation of t.lu^ niudeic acad c^ould be observed, but the wave length 
of this “s(‘condary” radiation was not the same' as that, of the 
primary: it was betwinui 2450 and 2500 A, which is tli(‘ spc'ctrum 
of nucleic acid hydrolj^sis (see fig. 24). This proves that it can not 
])(* merely a rc‘H(“(tiou of light, because the wave hmgth changcul, 
nor is it a case of fiuoreseence, for the secondary ra^diation has a 
short(u* wave length than the ju’imary. And most remarkable* of 
all, the indiKied light may be^ strong(*r in intensity than tin* ])rimary 
source. 

The best explanation is most probably the one* givt'U by 
(j| I'KNMTscir that tlie primary radiation hiduee's some kind of 
chain reaction (s('(* p. 47) which is then radiating with its own 
spectrum. This would account for the difierence in wave* lengths 
as well as for the increase in intensity. 

Other example's have be'en give'ii by Wolkk and Kas (1933b). 
Itie'se authors observed the same ellect. with ste*rile^ bloe)d serum. 
They found also that sterile nutrient broth did not produce s(H*on- 
dar\ radiation, but showed it when bacte'ria hael gi’own in it, 
(*ve‘n aftt'i' the bacteria themsedves had been rc'inove'el l)y filtration 
through a porcelain filte*r. A very short actiem of living bacteria 
suffices te) change the* broth to a “secondary seuiele'r”. Tlu'se* 
filtrate's as su(;h e'mit no primary radiation. Wolff and Ras 
observe'd further that after long exposure to primary radiation, 
these liquids ceased to produce secondarj^ radiation. Very inte'iise* 
primary light caused a more* rapid exhaustion. 45 minutes ex- 
posure of a staphylococcus supsension to a strong primary sender 
had made it unfit to produce secondary rays; howe'ver, on the* 
next day, the suspeuision reacted normally again. In anothe'.r 
ease, even 30 minutes exposure was sufficient to dc'stroy the ])ow(W 
of secondary radiation. 
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Nucleic acid solutions also cease to function when over- 
('Xj)os(*d, and during this stage, they do not transmit mitogenetic 
rays. Strong solutions recover again aftcT 1 or 2 days of “rt‘st”. 

All imjiortant obsiTvation is that with increasing concen- 
tration of tlu* acting substaiu^es, the secondary radiation becomes 
weakiT. Table 12 represents an experiimuit with nuedtue acid, liy 
Wolff and Ras. The source* of primary radiation was tlu' reaction 
of milk with reniK^t. I'he intensity of secondary radiation from 
th(‘ nucleic acid dilutions was measured })y th(^ kmgth of (exposure 
rcMpiired to ])roduce a “mitogenetii^ effect”, i. c. to acciderate the 
groAvth of bacti'ria. The numbers in the table represent the 
p(TC(‘ntage incrc'asc* in cells over tb{‘ control. 
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The n‘sults an* sonu*what surprising. The low(‘st effici(*nt 
('oncentration was 0.02%, which produced a mitogenetic e fleet at 
least 5 tim(*s as strong as the solution, i. e. it produced the 
same (‘fleets m one-lifth the time, A similar n'lation was observed 
with ba(!ttTial susjx'iisions. The more dilute they are, the stronger 
is the secondary radiation they emit upon excitation by some 
primary source. F\*rhaps this is brought about by the absorjit^on 
of ra^^s ill overexposed solutions (see above). 

Bacteiial suspensions and their filtrates lose tht* power of 
secondary radiation upon heating; nucleic acid solutions do not. 

The increas(* in intensity by secondary radiation enabled 
Wolff and Ras to construct an “amplifier” for mitogenetic rays. 
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They placed six quartz cuvettes filled with stapliv lococcus suspen- 
sion side by side, and by irradiating one side of the series, obtained 
a good mitogenetic effect from the op}>osite side in l()s(M*onds; 
the same primary source used for direct irradiation of thi‘ same 
detector required 4.5 minutes. This means an ani])lification of 
27 times. The observation is added that one continuous column 
of the same length as all (> cuvettes together, dot's not givt' a 
greatly increased intensit^^ 

It must be kept in mind that the' iiitensity of radiation has 
bet'll ascertainetl only biologically, by the time retjuiretl tt) iiroduct* 
a mitogenetit^ effect. It has already been ptiintetl tint (p. 24) that 
the reciprocity law (requiring tlouble t'Xposure time ftir half the 
intensity) dot's not evt'U holt! for such simplt' react itins as thtisc* 
in the photographic plate when the intensity becomes vt'ry low. 
Its application to biological reactitins is tpiite tlt)ubtful. Rt'cently, 
WtiUFF anti Kas (1924a) ctudd show that usually, st'ctinthiry 
radiation is polarizctl, and they also provt'tl that ptilarizt'tl mito- 
genetic rays exert a very much stronger effect upon tirganisms, 
Tt is nt)t at all certain, thert'ftirt*, that the abtivt' statt'int'uts rt'ally 
iiitlicate an increase in intensity of ratliation in tht' ])hysica.l senst' 
of the worth 

In his most recent summary, (DuuMTst'ii (1924) inakt s tht' 
follt)wing statement : 

‘Tt has been fountl that all substrates capable t)f t'nzymatic 
t4eavage, such as gluctist', yirtitt'ins, nuch'ic acitl, urea, fats t'tc. 
reat^t alst) upon mittigent'tic ratliatitin anti bectime radiant. I’liis 
“secondary radiation” has ct'rtain jirtipcrtit'S t)f great interest . 
(1). it travels from the irradiatetl jiart through tht' lit|uitl mt‘- 
dium to tlistances t)f .several centinu'tt'rs with the mt'asurabh' 
speed of a few meters per second; anti (2). tlu' ratliation is 
resonant, i. e. the substrate reacts mostly U])on tht)st‘ wave 
lengths which it emits when tlect)inpt)setl enzymaticall\'.” 

The only published experimental prof)f ft>r this is that by 
BE Kondsi (1924) as far as the authors have been able to ascertain. 
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EFFECT OF ULTRAVIOLET RADIATIONS 
UPON CELLS 

A. EFFECT OF RADIATIONS UPON CHEMIOAI. 
REACTIONS 

Tt has long b(‘cn known that ('iKTgy in tho form of visible 
light, or near this range, will product' cht'mieal changes, vvliicli 
we t(‘rin iihotochemical reatdions. Just as a clitunical synthesis 
may bt' brought about by heat, so may it be induced b^' adding 
radiant ojicrgy in the form t)f liglit. All organic inatttT is tJnis 
product'd from CO,,, UoO and nitrates, by moans oi' radiant energy 
from the sun, with chlorophyl as tht* nt'cessary ‘‘transformer” 
of the tmergy. 

It is not nect'ssary, liowev'tT, that radiant t'ncrgy be prestmt 
to increase the ent'rgy levt'l of t'ach reacting molecule. A number 
of chemical rt'actious are known which require sotyk^ radiant 
tuiergy to bt^ initiated; howev(T, sevc^ral hundred, or eV('n si'veral 
million moleeiiles are (dianged for each eiu'rgy quantum which is 
absorbed. Tlu'se reactions are exothermic*. If only one mole- 
cule becomes activated by an (‘iiergy (piantum of the right 
size, the energy liberated b\' its reaction activate s another 
moh'cuje. Tlius, many moleeulc'.s may be changed though it 
IS (|int(‘ impossible' that onci quantum can b,' absorbed by more 
than one molecnde. This type of reaction, which is called a chain 
reaction, is usually explained in the following way (R. S. Taylok, 
1031, p. 1009— R)1S): 

The quantum, in being absorlx'd by a molecule, ionizes it. 
Thc^ ion pair thus produced initiate two independent- reactions 
which again ])rodnee ions. The classical example by Bodenstetn 
and Neknst is the jdiotochemical reaction between the* gases 
Hj, and Clg. The chain reaction can be written 
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CL, + h7^ - Cl -h Cl 


Cl + H 2 - HC\ 
K + CI 2 HCl 
Cl + Ho - KCl 
H f Clo -- HCl 
(M -1 Ho HCl 


+ H 

Cl 

+ (!1 

H 

l-H 

C!1 

■! Cl 

H 

+ H 



} Ho - HCl I H 
! (Ho - HCl 1 Cl 
+ Ho - HCl l-H 
h Clo = HCl -1- Cl 


H ! Cl HCl. 

Lender “chain” is inidcTsiood the nunibcT of consc'culivt* 
niolecules entering into reaction. The (thain may b(‘ as “lon^r" 
as one million nio](‘Cul(‘S Tli(‘ “length” can lx* asctn’laiiKxl by 
determining the Tinmbcr of molecules changed for each (quantum 
of light entering the system. The eliain is t('rminat(‘d by tin* 
reactive moL'culcs or atoms (Munbining with (‘a(;b other, as iiulicabxl 
in the above model, or by reacting with other molccnh's to form 
stable compounds. 

If it were not for these terminations, oiu' (juautum would lx* 
sufficient to cause all mole('ules to read witli on(‘ anotlnn*. In 
fact, in the case of explosions, where the reaction liberates a large* 
amount of eiUTgy, this is practically the' result. 

The j)rcs(*ncc of foreign substances reaetting with the com- 
ponents of the* system is a cennmeni e*ausc of cessation. If tliere* 
were* only one such molee*ule prescJit fe:>r every milliem me)le‘e;ule‘s e)f 
hydrogen and chlorine, that would aetcount for an av(*rage^ e*liain 
length of one million molecules. If the're* \ve*re* 100 times as mue h 
of the fejreign substance, the chain le*ngtti we)ulel be* re*elue*eel to 
te'u thousanel molecules. 

The same reasoning holds true* for chain reactienis in sedutions. 
In the photochemical oxidation of Na-gSO^ to Na 2 S 04 , the cpiantum 
yield was about lOOOOO. This reaction was inhibite'd by primary 
and secondary, but not by tertiary alcohols. Wheneve*r a eliain 
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CHAPTEK III 


was terminated, two molecnles of the alcohols were oxidized to 
the corresponding aldc'hydes and ketones. 

The known chain reactions are exothermic. Jt does not se(*m 
imperative, however, that th(‘y be so if another source of energy 
is availabl(‘. This is the case in normally nourished cells of animals, 
fungi, bacteria, etc., which liberate energy constantly by meta- 
bolizing carbohydrates, fats, pi-oteins or other organic, compounds. 
By means of this energy, they grow, i.e. they syntludize new 
body substance' ('ndothe'rmically. 

It is not impossible, that very small amounts of ('iiergy, 
ev('n a single (quantum, might produce a very noticeable effect in 
a living (;ell. This could be accomplished by releasing a complex 
mechanism which neerls only f)ne or sevi'ral (juaiita of a given 
size' to be initiateel, just as the needeel only one epum- 

tum of the' right size te) start the reae*tion with hydroge*n. The^ most 
common, and pe'rhaps the' only re'aedion in the ce'll whie^h e*an be 
thus released is cell division ; this results in a more rapid niulfipli- 
e*ation, or an inere'ase'el gre>wth rate. 


B. EFFEC T OF MONOCJIliOMATIC ULTBAYIOLET 
UPON EIYINO ( ELLS 

Ultravie)let light of any of the' different j>hysieal sources 
mentioned in the previous chapters may have* a very distinct 
effe'ct upon living cells. The best-known is the reeldeiiing of the 
skin by ultraviolet light. A epiantitative stuely of the' re'lation 
between the intemsity of the effeed and the; wave length has revealed 
that asiele from the very markeel erythema produced by wave*- 
lengths around. 3000 A, the cells of the skin will also react upem 
those below 2000 A which are not fenind in sunlight. Between 
theses two maxima is a zone of very weak effe'cts. This fact is 
significant because the; majejr part of this be)ok is e;oncerned with 
mitogenetie; rays which are shorter than 2000 A. 

Ultraviole't light also kills baejteria and other microorganisms. 
Strangely, however, the; intensity curve fe)r the elifferent wave- 
lengths is quite elifferent from that of the* erythema effect, it 
looks almost like* the reverse. Figure 27 shows the results by 
CoBLENTZ, Stair and Hooue (1932) on erytlu'ma, by Rivers 
and Gates (1928) on vaccine virus and Staphylococcus aureus 
and by Duggar and Hollaendbr (1934) on Bact. prodigiosum 
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and the mosaic virus of tobacco. Most of these investigations 
liav(' bt*i‘n carried out no furtluT than tt) a wave k'ligth of 
a))out 2o0() A. 

If shorter wave lengths are tak(*n into considcu-ation, and 
es])ecially if tlu^ intensity v(‘ry gr(‘atly decreased, it is possible 



Kigure 27. ( Joniparativt^ intensities of the killing effect of diHerent wave 
lengths, 'rhe intensities are uniforiu for each individual organism, but 
vary greatly for t.h<‘ different curves. 


to obtain growth stimulation under (certain conditions which will 
be specified in ChaptiT IV. TIk^ result of th(‘ most extensiv(‘ of 
the many experiments of this nature is shown graphically in 
Hg. 28. 



Figure 28. Th(‘ effect of ultraviolet light of different wave U'ligths and 
differi'Tit intensities upon yeast. 

+ indicati's accelerated growth; o means no effect. 

Protoplasma -Monogrraphien IX: Hahn 4 
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Chariton, Frank and Kanneoiesser (1930) used individual 
spectral lint‘s, employing a monochromator, from the sparks of 
aluminum, zinc or cadmium, to irradiate yeast cultures. Each 
culture thus obtained light of one definite wave length. By 
varying the intensity as well as the wave length, it could be shown 
that only radiation of less than 2700 A produced positive (^ffec^ts, 
i. (‘. increased the growth rate of yeast. 

A large number of similar experiments have been carried 
out by Gitrwitsch and his associates, usually as controls for 
organic radiations, Tlu'y will be mentioned in the succeeding 
chapters. 

There schuus to be very little diffenmce in the limiting int(‘n- 
sities of different wave lengths. Other experiments have shown 
that even at 1900 A, good effects can bo obtained. Below 1900 A, 
absorption by quartz, water and air intc'rferi'S with the experiment. 


(!. EFFECT OF IIADIATION FliOM CHEMICAL 
HEACTIONS UPON LIVING CELLS 

The same effect which has been demonstrated above as the 
result of irradiation with ultraviolet of known wave lengths, can 
be produo(‘d also by exposing the cells of microorganisms to tlu' 
emanation from chemical reactions. 

One of the simplest examples is the stimulation of the bac- 
t('rial gi'owtli rate by the emanations from the neutralization of 
NaOH with HCl. Wolff and Kas (1933 b) allowed these two 
chemicals, flowing from two tubes, to unite on a quartz plate, 
und(Tneath which was the bacterial culture. After (exposure, these 
cultures were incubated for 2 hours. Table 13 shows very distinctly 
in both experiments that an exposure of approximately 5 minutes 
to the radiation of the neutrahzation process has stimulated the 
growth; the number of cells has been increased apj)roximately 
40-^50 %. 

The same authors found that even the dissolution of NaCl 
in water produces a growth-stimulating radiation (Table 14). This 
energy emission occurs only during the act of dissolving ; it ceases 
completely when all the salt is in solution. No effect is noticeable 
when sugar is dissolved in water, or when palmitic acid is dissolved 
in alcohol. Wolff and E»as concluded therefore that the process 
of dissociation of salt into ions is the source of ultraviolet. 
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Table 13. Staphylococci exposed through quartz to the energy 
emanations of the reaction NaOH + HCl Na(U f-HgO and counted 


2 hours later 

Exposed for 

( Vlls per ee. of eulture 


1 

i “ 

0 minutes (eoiitrol) ... 

26 100 

26 800 

1 

26 2(M) 

31 500 

4.5 

27 250 


.5 ,, . . 

37 750 

39 500 

0 „ 


30 900 

each nuuih(>r is the average of 

9-11 (‘X})eriuu‘nts 

3-— 1 expcriiueiits 


In the same way, bactc^rial growth was accelerated by ex- 
pc^sure to metallic zinc in a solution of lead aecdate or copper 
sulphate. 

Simple oxidation processes also emit energy which caji cause 
an increase in th(^ gi’owth rate of bacteria or yeasts. 'Diis is 
already cited in the m(‘thod of obtaining oxidation spevitra, and 
maj be further illustrated by an unpublished expc'rimcuit of Miss 
A. J. FEKGirsoisi. 0xali(5 acid was oxidized with permanganate in 
a glass vessel. Abovi* this were fasteiKnl two small cov(‘r(‘d dish(‘s, 
(me of quartz and one of glass, (‘ach containing a samphi of the 
same culture of Bacferinm colt. The sample in the quartz V(‘ssel 
grew more rapidly, having beeji ex])osed to ultraviolet light from 
the oxidation process; the other ri'C('iv('d no stimulus sim^e glass 


'fabh* 14. Staphylococci exposed through quartz to th(‘ (jiiergy 
ema nation from dissolving substances 


Duration of | 



Cells ptjr 

ce. of culturi 




Exposure j 

0 

Control 

10" 

20" 

30" 

45" 

r 

1.5' 

O' 

“ 

4' 

NaCl in water 

32 100|31400 

37700 

45000 

— 

-- 


- 



21750 


— 

31500 

27 300 

- 

— 

- 



35500 


47600 

45500 


40000 

36800 

- 


sucrose inwatcr 
palmitic acid i 

7000 



6250 


7 250 

72.50 

7250 

7 500 

in alcohol | 
NaCl after com- 

7000 

— 

— 

7000 

! 

8000 

8.500 

7250 

7750 

1 

plete solution 1 

21750 

-- 

__ 

22000 

20750 



— 

! __ 


4 * 
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absorbs the radiation (Table 15). There is the usual lag period 
of 2 hours, but after the bacteria oiie(* start to grow, the irradiated 
culture grows mor(‘ rapidly. 

Table 15. Development of a culture of Haetorium eoli after ex- 
posure to emanations from the reaction 
C 2 O 4 H 2 + KMn04 -- KgC’Oa 4 - 2 MiiO -f 9 H' 5 HgD 

(’ells per ec. of culture 
(‘xposed I ex])osed 
through glass , thrt>ugh quartz 

149 149 

154 ! 140 

253 I 21 H 

940 I 1735 

3335 I 9085 

What holds true for the simjiler (‘hemi(5al reactions, is also 
correct for the more complicated biochemical pro(;esses. Proteo- 
lysis by enzymes yields an ultraviolet emanation which greatly 
stimulates the growth of yeast as seen in Table 16, containing 
the data obtained by Karpass and Lamschina (1029). Of 12 ex- 
periments, only oiu* was negative. 


4'able 16. Jnerease in the development of yeast cultures after 
exposure to the emanation from ])roteolytic processes 


Proteolytic i)roeess 

Pereentual increase of exposesd 
culture over control 

Egg white with pepsin 

43 %; 20.9 % 

egg white with pancreatm .... 

10.7%; 25.8%; 15.5% 

egg yolk with pepsin 

20.0 % 

egg yolk with jiancrcatin .... 

30.1 %; 31.4 

fibrin with gastric juice 

37.1 %; 36.6 20.4 %; - 16.5 


All other enzymic processes which have been tested so far 
have yielded positive growth stimulation. Since all organisms 
display pro(^esses liberating energy, it is only logical to assume 
that all living organisms radiate. This statement must be modified 
somewhat by the consideration that these ultraviolet rays are 


.. J . 

Immediately after exposure . j 

1 hour later 

2 I 

Q I 

! 1! 

4 I 
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very n'adily absorbed, and, for examplt', will not pass tin' skin 
of man or animals. Which parts of the A\arious animals and ])Iants 
radiate, will be discussed in ( Uiapters and VII. Attention 
should be called here only to th(‘ fact that there may be radiations 
and growth stimulation inside of an organ or tissue without 
b(*coming notic<‘able outside this focus. Since we must (^x})ect 
idtraviolet radiations from very many biochemical ])r()cesses, 
and since they may stimulate cell division they may pla\' an 
extremely important role in tlie dev(‘lo])mcnt of all living Ix'ings. 



CHAPTER IV 


METHODS OF OBSERVING BIOLOGICAL 
RADIATIONS 


The preceding chapters have shown that for physico-chemical 
reasons, we should expect ultraviolet radiations from all living 
organisms, as long as they have any noticeable metabolism. In 
this chapter, the methods used in detecting atid proving such 
radiations will be discussed. By far the most extensive treatment 
is given to mitogenetic radiation because it is the most studied 
and the best understood. The iiecrobiotic rays and' the injurious 
human radiations arc, p('rhaps, only special manifestations of 
mitogenetic radiation. The Beta-radiation of living as well as 
dead organisms is only mentioned in passing. 

The presentation in this chapter is largely historical. Occasio- 
nal excei)tions to this arrangement could not be avoided. 

A. MITOGENETIC RADIATION 

This type of ultraviolet rays was discovered by Gukwitscjt 
in 1923. He emailed them mitogenetic because he observed that 
they stimulated c(‘ll division, or mitosis. This radiation is so weak 
that it was not possible for a long tinu'. to vi'rifj" its existence by 
physical measurements. Its effect upon living organisms is very 
conspicuous, however. In onion roots, it increases the number 
of mitoses. It accelerates the growth of yeasts and bacteria, tlu‘ 
development of eggs, and the division of certain cells in the animal 
body. It may cause morphological changes in yeasts and bacteria, 
and in the larvae* of sea ure^hins. 

a) The onion root method 

The root of an onion, used by Guewitsch and his associates 
extensively from 1923 to 1928, was the first detector of the rays. 
Th(‘ detector root was placed in a narrow glass tube to permit 
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easy handling. The zone of meristematie growth, a few tuiu from 
the tip, was uncovered allowing it to be irradiated. In the tirst 
experiments (1923), the source of radiation was aiiotluT onion 
root, also placed in a glass tube so that it could be direettnl to 
point exactly at the growing tissue of th(' first root (fig. 29). The 


Fijijurc 29. 

The arrangement of the 
onion roots in the first 
experiments on mitogeiu^tit* 
rays. 



roots were l(‘ft in tins ])osition for oiui or two hours. Two to 
tliree hours after the Ix'ginning of irradiation, the detector root 
vns fixed and stained, and, in inieTotonie sections, the number 
of <Uviding nuckt was ascertained. CuRWiTSdi found that tin* 
side of the root exposed to the l)iologi<'al radiation showed regu- 
larly more dividing nuckt than the opposite side. For this rc'ason, 
(fi RWiTscn ('oined the w'ord “mitogenetic” rays. Tabk‘ 17 gives 
the results of a test wtth the crushed ])ase of an onion (A. and 
L. OrHAviTSCH, 1925). 


Tahk; 17. The radiation of onion loisi- puJj) 

The numbers given arc those of dividing niielei in correspomling micro- 
tome sections of the exposed and the unexposed sitk' of the (l(‘trctor lool. 
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This tf'chniqiie was used by (Jiikwitscii and a niiinber of 
aKSO(*iat(\s to search for mitogenetic rays in th(‘ (‘iitire organic 
world. It would scarc^cdy be wortliwhih' to coinpik‘ a complete' 
list of organisms found to radiate. The following list contains 
the mor(‘ important ('arlier observations, com])il('(l by Gurwits( h 
(1929). 

Radiating organisms and tissues 
Bacteria Hackrium tumejackns. Staphylococci (Magkou) 
Bacterium murhuor.s (Aez) (Sewkrtzowa’) 

Bacillus ajithraroides, Sarcina flora (Baron) 
Streptococcus I act is (Maoroit) 

Yeast (Baron, Sikbert, MAeator) 

Eggs of aniK'lids 

Kggs of sea urchins Indore' the 1st division (PTtANK and Salrind) 
before^ the 2nd and 5rd divisions (Salkinu) 

chickeui, only during the first two days of incubation 
(SoRiN). After cstahlishincnt of circulation system, radiation 
ceases 

Embryos of amphihia in the morula stage' (Anikin) 

Plant seedlings: r()e)t tips, e;e)tylodons, young phimulae of Hdian- 
thus (Frank and Salkind) 

Potato tubers: leptom faseicle^s onl,y (Kisliak-Statkewitsoh) 
Onieni roots connected with the bulb (Gurwttscui) 

Onion base pulp (A. and L. Gurwitsch, Reiter and GABOit) 
Turnip pulp, 24 hours old (Anna Gurwitscii) 

Young tadpole heads, pulp of tadpole heads (Anjktn, Reiter 
and Gabor) 

Blood of frog and rat (Gurwitscu, Sorin) 

Blood of man (Biebert, Gesenius, Potozkv and ZoemiNA) 
Oontrae;ting muscle (Siebert, Frank) 

Pulp from resting muscle |- lactic acid + oxygen (Siebert) 
Corneal (‘pithelium of starving rats, but not of normal rats (L. < i i u- 

WITSCH) 

Neoplasms: carcinoma, sarcoma (Glirwitsch, Siebert, Reiter 
and Gabor) 

Spleen of young frogs (Gurwitsch) 

Bone marrow (Siebert) 

Bone marrow and lymph glands of young rats (Sussmanowitsoii) 
Resorbed tissue*,: tails, gills, intestine of amphibian larvae during 
metamorphosis (Blacker, Bromley) 
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Regenerating tissue of salamander and angleworm (Bl\chki{, 
Samara.ij5Ff) 

Hydra: hypostom and budding zone, not otluu* parts. 

Non-radiating organisms and tissues 
Tissues of adult animals ex(*ept brain, blood and axdang rnuseh' 
(most tissues have later betui found to radiate slightly) 
Tadpoles over 2 em. long 

(liieken embryo aftcM' 2 days (blood radiatt^s) 

Blood serum (beeouK's radiant with oxyhemoglobin) (Sokin) (or 
with traces of RoO.,) (Anikin, Botozky and Z(x;lina) 

Blood of asphyxiated frogs 
Blood of eanecT patiiaits 

Blood of starving rats (becomes radiant with glucose) (Anikin, 
PoTOZKY and Zootjna) 

Activ(‘ tissic\s with chloral hydrate 
Active* tissues with KON 

F'urtlKT details will be given in ('ha{)ter Vll. 

The greatest early sup])ort to the (‘stablishnu'nt of mito- 
genetic rays was given through the extiuisive and thorough woi‘k 
of Rettjcr and Gabor (192S). These two authors tested the 
onion root method, and verific^d (‘spc(‘ially the physi(‘al natiin^ 
of the phenomenon: the radiant natun' of this (dfect- was thus 
fortified beyond doubt (see p. 59). 

( ^onsid('ring the gri'at claims which Gurwitscli and his asso- 
ciat(*s mad(‘ for th(‘ir fliscov(*rv, it was sur])rising that comparati- 
vely few biologists W(‘re sufficiently intcTested to ri^peat tlu' 
(‘X]K‘riments. Among these, somi^ obtained m'gative results so 
consistently that th(‘y denie<l tin* existeme of mitogeiKdic, rays 
altogether, and considered the results of the Russian workers 
and of Reiter and Gabor to be experimental errors. The most 
fn^qiK'ntly quoted of these are Si’IIWARZ (1928), Rossmann (192<S), 
and much later, in this country, T.wlor and IIarvev (1922). 
Positive results were obtained by Maorou (1927), Waoner (1927), 
Loos (1930), Boroj)IN (1930), and n^cently by Pattl (1933), and 
many Russian workers, in several different laboratories. 

In order to decide whether the positive results could be 
considered experimental errors, Schwemmle (1929) undertook 
a statistical invc'stigation. He concentrate ;d graphically all r(‘sults 
published by GimwiTsoH and the Russian school (about 200) 
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by ])lotting the y)ercentage increase or decrease of mitoses of the 
exposed over the iinexposed side of the root, against tlie total 
jmmber of mitoses counted. He distinguished only between 
“induced’’ and “not induced” roots. From the “not induced” 
roots, he could compute the probable error of the method. The 
error was 10% wluui 500 mitoses were counted, and decreased, 
of course, as the total number increased (fig. 30). All results 



Fmun* 30. All results with onion root as detector by CuiiwiTscH and 
associates. Ordinate: percentage of increase over control; Abscissa: total 
number of mitosi's cemnted. Circles indicate a positive induction, black 
dots indicate no mitogenetic effect. The lino gives the limits of error. 

wliich liad b(*eii claimed to prove mitogenetic radiation were 
found outsider the limits of error. 

Keitkr and (Iabou’s experiments liave a much greater 
error, A: ^0%, and a few experiments suppos(‘d by these authors 
to prove indiK^ed mitogenetic effect are really within tlie hmits 
of error. Tlie error of the* (‘xperiments by Wacjnek (1927), 
8eHWAitz (1928), and Rossmann (1928 — 29) is even larger than 
that of Retteji and (Iabou's, and Taylor and Harvey's few 
experiments (1931) indicate a similar large error. All these data 
gave doubtful or negative results; the mitoses of two different 
sid('s of the roots varied greatly. 

SciiWEMMLE did not consider it proved that the effect is 
caused by mitogiuietic rays, because of the possibility of other 
f)hysiologi(^al factors affecting mitosis during tlu^ experiments. 
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The effect as such, however, must be coiisiden'd ostahlisluMl by a 
very large number of data, and the only qiu'stiou was its niter- 
jiretation. That under different jiliysiological conditions, in 
different countries with different onions, negative n^sults hav(' 
b(‘en obtained by soiik' investigators is not r(‘ally surprising 

(Dirwitsch had always claimed that tlu^ (‘fleet of oiu* root 
upon the other was caust'd by rays. In fact, he predict(‘d in 192:? 
radiation as a factor in mitosis, and in trying to vwify his pnnlic- 
tion, found onion roots as tlu' lirst ivliabli* indicators. 

The mitogenetic effect procecnls in a straight liiu‘ and is 
reflected from glass and from a nuu-cury surface (G rKWiTscMi, 
SiEBEET, Reiter and (Jxbok). It will pass through thin layers 
of quartz and of wat(‘r (Gurwitscii, Macirou), through thin 
animal or vegetable ni(‘inbranes, thin plates of mica (IvEiteu- 
and Gabor), thin cellophane (Htempell), but not through thick 
layers of glass, such as glass sli(l(‘s, nor through g(‘latin eV(‘n in 
very thin layers. It seems hardly possilile to aiHOunt for all of 
this by any agent other than iiltra-viok't rays, 

A very vital question is that of th(‘ wav(‘ length of th(‘S(‘ 
ra\s, and it is very interest ing that two distimflly difter(‘nt wave 
l(‘nglhs have been (hiimed, both bas(‘d u])on apparently r(‘habl(‘ 
data. 

Guramtsc'ii could obtain th(‘ (‘ff(‘(;t through (piartz, and 
partly through V(U'y thin glass, but not through V(‘ry thin g('latin, 
and concluded that he was (killing with an ultra-violet radiation 
of about 2200A. Frank and (D/RWTrsc’ii (‘v]>os(kI onion roots 
to differc'iil wave lengths from ])hysical sourcjcs, and obtained 
mitog(‘n(*tic effects only froTii the* sfiectrum betw(M‘n 1990 and 

2:170 A. 

Quite diffen'iit were the r(‘,sults of Reiter and Gabor ( 192H). 
fl'hey found this radiation to be transnntt(*d through :iniin. ol 
fjeiia glass, and still notmeably through 5 mm. of counnon glass, 
and also through gedatin which indicates a wav(^ k'ugth abov(‘ 
3000 A. By means of spe(;ial filters, they found the rang<‘ to be 
between 3200 and 3500 A. Then, by irradiating roots with known 
wave lengths of the spectrum, tlmy determined the mit()g(“n(‘tic 
efficiency of this jiart of the spectrum. Besides a sharp maximum 
at 3400 A, anotlu'r smaller maximum was disciovered n(‘ar 2S00 A. 
B(*low this, no mitogenetic effect was observ(‘d, not (‘V"(‘n in tin* 
neighborhood of 2000 A which w'as consi(ler(‘d by GrRwrrsc'H 
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and Fkank as the only efficient region. The curve resembles 
somewhat that for erythema (fig. 27 p. 49). 

The V(Ty int('r('sting observation was made that the appar- 
ently inert spectrum between the two maxima will prevent mito- 
geiK'tic effe(!ts by the ac^tive wave lengths, even when the inten- 
sity of the “antagonistic” rays is ordy one-tenth of that of tlu^ 
mitogeneti(i rays. All wave lengths between 2900 and 3200 A 
show this inhibition. Tht‘ rays outside of the maxima were enti- 
ndy jHUitral. l^irect sunlight and ultra-violet arc light also inhil)ited 
mitogenetic ('ffecds. 

Reiter and Gabor determined further the wave length of 
mitog(‘netic rays by means of a spectrograph, letting the spectrum 
from rocits or sarcoma tissue fall upon the length of an onion 
root. All three 0 xj)eriments gave an increase in mitoses at tlu' 
place where the wav('. lengths betwenm 3200 and 3500 A had fallen 
on the root. 

These last exp(‘riments can now be explahied by an (‘rror 
in ti‘chnique. It was not known at that time that irradiation 
of th(‘ older parts of a root will produce a mitogenctii; ofFect not 
at the place of irradiation, but at the only n‘active part, namely 
the UK'ristem near the root tip. This last argument in favor of 
a wav(*longth n(‘ar 3400 A must tlu^ndore be discarded. It is 
consider(‘d definitely c‘stablished now that mitogenetic rays 
range betwt'en ISOO and 2G00 A, as has ah’cady been showji in 
Chapters TT and 111. HowevxT, tlu^ deviating exjKTiences of 
Reiter and Gabor have never beeJi accounted for in a really 
satisfactory way (see* GnitWTTsoH, 1929). 

The publi(^ation of Reitkr and Gabor’s experiments (*aused 
the Russian workers to n'peat them at once, because they con- 
tradicted all their own statements about the wavelength, ami 
Jione of the German authors’ results could be verified. 

The first (*xperiment was Frank’s specd-ral analysis (1929) 
of the radiation of the tetanized inusele, with a sjiectrograph 
using yeast as detector (see p. 35). Tn three well-agreeing (‘X- 
periments (fig. 31), it could be shown that no radiation above* 
2400 A was emitted. Then followed the detailed study by CIuahi- 
TON, Frank and Kannegiesser (1930) of the effect of mono- 
chromatic light from physical sources upon yeast. The results 
have ah(^ady been shown in fig. 2S. Beyond 2600 A, no variation 
of intensity produced any effect. Special efforts were made tc^ 
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investigate the range around 3400 A idaimed to be so efficient 
by Reiter and Gabor, but it yielded only consistently lU'gativc* 
n ‘suits. 

Considering that Reiter and Gabor used onion roots as 
<let('ctors, the experiments winv repeated with onion roots. Again, 
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Eijfurc 31. R( Hulls of 3 oxpiMiinonts oTi tJic spcctriiDi of muscle radiation, 
with the tecluiique sliown in figure 22. Since' t la* width of the agar blocks 
was not uniform, tlu* residts overlap partly, but. show th«‘ general spectrum. 


the short(‘r wavi* lengths wen* found to be (‘ffici(‘nt, and thos(‘ in 
th(‘ region of 3400 A gave no ellect (sen* Table IS). 

By these and other methods with a variety of indicators, tin* 
wave h'ligths of various radiations luive b(‘(‘n sliown to be* fpiitc* 
diffenuit, but all of tlunn were Ix'low 2000 A No r(‘(‘ords an* 


'J'able 18. Irradiation of tlnion Roots with Monochromatic 
Spectral bight 


Efficient Wave Lengths according to 



(hiaw'iTscii '! 

Wave 

Length 

A 

Relative 

Intensity 

Induction 

i 

2190 

0.02 

1 

H-24 

2350 

0.02 

420 I 

2350 

0.10 

1 -}-3() 

2350 

1 

1 

! 

1.00 

425 1; 


Rkiteu and (1 Mum 


Wave 

Length 

A 

Relative* 

I ntensity 

■ 1 

Induct 

3340 

0 20 

i - 1 

3340 

0.40 ; 

i-e 

3340 

2.00 

2 

3340 

80.00 

0 

3340 

800.00 i 

i 

—1 

,3380 

0.03 ] 

--7 

3380 

4.00 

i j 8 

.3380 

60.00 

2 
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given of wave lengths l)elow 1900 A. This is no proof that they do 
rK>t exist, but rather, that below this poiiit, absorption by quartz 
and air in the spectrograph makes accurate^ (ieterminations im- 
possible. It (*an Jiardly be doubted from the Large amount of 
spt'etra aiialyzc'd by the Russian school, and confirmed by Wolff 
and Kas (j). 40), that mitogenetic radiation consists esseJitially 
of the wave Laigths bet ween 1900 and 2500 A. 

Since 1928, the onion root as detector has been substituted 
by the timt'-saving yt^ast methods or by ])acterial detectors. 
Howevia-, two extensive^ recent investigations must be mentioned 
whifli concern the question whether onion roots can be used at 
all as d('tectors. Both papers dos(‘ribe tlu^ technique employed 
very carefully, and they arrive* at quite rlifferent conclusions. 

Motssejewa (1931, 1932) observed that roots when removed 
from th(‘ water show symmetrical distribution of mitoses, but 
aft('r r(*p('ated removal, they do not. Pn'ssing or rubbing of the 
roots will increase the number of mitoses, and after long continued 
pressing the opf)osite (‘ffec^t occurs. When friction and pressure 
W(‘re (‘arefully avoided, tio increase of mitos('s was observed u])on 
('-xposure to another onion root. 

Motssejewa denies the existence of mitogenetic effects in 
onion roots and explains riniiwiTSCH’s consistent results by 
several assumptions: (1) One-sided pressure of curved roots in 
th(* glass tube. (2) Light applied repeatedly in centralization 
of roots which causes jdiototropic curving of the root and results 
in increased mitosis. (3) Selection of good roots for im])ortant 
experimc'uts which results in huTeased mitosis through ])r(*ssure, 
and of less uniform roots when iio effect is (‘Xi)ected, which then 
l(*ads to negative results. (4) Omission by Oerwitsch of the 
microtome sections showing a decreased number of mitoses when 
they ha])pi‘n to (^ome b(‘tween sections showing an increased 
jiumb(*r. — With yeast and blood as sendcTs, this author obtained 
also negative results. 

This candul study has been considered by many critics to 
be the final proof against mitogenetic radiation. Most of them 
do not mention the still more careful work by Marcjarete Paul 
(1933), Reahzing the prompt reaction of roots to touching, Paul 
fastened tht^ small onions (hazelnut size) by means of gauze to 
perforated cork stoppers; these were held above the ground by 
simple stands; in a completely covered moist chamber, in a dark 
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room at 20® C, the roots developed in th(' air through the muslin 
in two to five days, while the leaves grew through the hole in the 
cork. The onions wore never placed in water. When tht' roots 
were 1 — 2.5 cm. long and absolutely straight, onc*^ could be exposed 
to a root from another onion without being cut or even toucluHl 
and without the nc'cd of glass tube holders. The ('xposed roots 
turn downwards, and a very careful investigation sliowed that 
the number of mitoses on the exposed part of the root was 
distinctly larger than on the opposite half, whedlu'r all mitotic 
stages were included or only the more conspicuous ones. Th(‘ 
sender roots W(*to taken as controls, and they showetl a uniform 
and symmetrical distribution of mitos(‘s. Almost always, the 
(‘xposcd root grew more rapidly than tlu* otlu'r roots of tlu' same 
onion. 

When the stmder root was substitut(‘d by a needle of stainh'ss 
steel, the ex])OS(;d root also turned downwards, but the microscopic 
ajialysis showed no increase in mitosis at the t^xposed side. 
However, the symmetrical distribution was disturbed. 

The obj('ct of Paitl’s inv(‘stigation was the establishment of 
a good method for studying mitogenetic rays with onion roots. 
The number of examples given is not large enough to draw many 
more conclusions. The pa])er verifies GniiwiT.sou’s [uincipal ('x- 
periment, however, and it will be- the starting point for all future^ 
work with this tyj)e of detector. 

b) The yeast bud method 

Baiion (1926) suggested that the rate of laid formation of 
yeast could be used as indicator of niitog(‘netic radiation. In his 
first experinu'iits, h(‘ s])read yeast over tlu^ surface' of solidified 
nutrhmt agar containing glucose, allowed it to grow for from 
9 to 15 hours at room temperature, and then exposed it to the 
radiating sour(;e for d(*finite short jx'riods, usually imt ovfT 
30 minutes. The yeast was then incubated for from 1 to 2 hours 
to permit the radiation effect to develop. After this, the yeast 
was spread on glass slides, dried and stained. The nu'asure was 
the percentage of yeast Cecils showing buds. Wlnm this percentage 
was higher in the irradiated culture than in unexposed controls, 
it was considered a proof of a mitogt'iietic effect. The original 
method has since been changed in some details by Baiion (1930) 
and Gurwitsch (1932) (see p. 66). 
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Table 19. Effect of Vea.st, of Sarcoma, and of Hone Marrow 
u))on the Budding Intensity of Veast 




Percentage of Buds in Yeast 


Sender 

Yeast 

Jenstui 

Sarcoma 

Bon(‘ Marrow 


Control 

Exposed 

Cvontrol 

Exposed 

r\)ntrol 

Expos(‘d 

P'xperiment No. 1 

24 

33 

21 

32 

30 

38 

2 

22 

30 

20 

35 

27 

32 



25 

20 

27 

‘ 21 

39 

4 

14 

25 

20 

20 

28 

38 

5 1 

24 

33 

28 

35 

29 

39 

0 i 

2:1 

33 

30 

38 

20 

35 

7 

25 

34 

25 

35 

23 

37 

8 

1 27 

35 

25 

30 

22 

34 

9 

i 25 

1 30 

25 

35 

27 

30 

10 

20 

30 

21 

30 

20 

33 

Average 

i 22.9 

32.0 

23.5 

32.9 

25.3 

30.1 


The most (‘xtensive (*arJy data with this nndhod have* 
published by SrEBKRT (1928a). Table 19 gives some of his ex- 
jieriments. The numbers indic^ate tlie percentages of yeast cells 
with buds. In all his exjierimeiits, sendtT and deteidor were 
separated by a quartz plate. Tt is now cuistomary to reciord results 
as “induction” effect, i.o., as increase in buds of the exposed yeast 
()V('r th(' (iontrol, expressed in ])ereents of the control value. 'Idius, 
when the exposed yeast shows 33% buds, and the control, 24 %, 
the incri'ase is 9, and this is an increase of 37.5% over the control. 
Th(* induction effect is 37.5%. 

j 100 (exposed — control) 
control 

81 EBEKT (1928 b) used this method for a number of interesting 
studies in jdiysiology. He observed the working, or excited muscle 
to radiate strongly while the resting, quii't muscle did not do 
this (Table 20). He attempted to produce radiation by changing 
chemically the pulp of resting muscle to that of working mus(‘l(*. 
Penally, he succeeded by placing the acidified pulp in an oxygen 
atmosphere, since the addition of lactii; acid aloni' would not 
produ(?e radiation. Moreover, he obtained positive n'sults in air 
by using a very dilute CUSO 4 solution as oxygen catalyst. When 
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Tabic 20, Effect of Electrically Excited and of Heating Frog 
Muscle upon the Budding Intensity of Yeast 


oeriraent 

Percentage of buds 
in yeast when c'x- 

Experiment 

l^^rcentago of buds 
in yeast when ex- 

Xo. 

loosed t 

o inusclc 

No. 

posed to niuselo 


Resting 

Fxeited 


1 Resting 

1 Fxcited 

1 

32 

45 

13 

23 

1 

i 

o 

21 

32 

1-^ 

' 22 

33 

3 

23 

1 30 

15 ! 

23 

32 

4 

23 

i 30 

10 I 

21 

j 30 

t') 

20 

41 

17 

22 

29 

b 

22 

30 

18 

22 

32 

7 

22 

31 

19 

22 

32 

S 

22 

2S 1 

20 1 

23 

30 

9 

20 

35 j 

21 1 

25 

33 

10 

20 

31 

22 

25 

33 

11 

20 

35 

23 1 

24 

30 

12 

20 

31 

24 1 

24 

31 


N 

be finally found that K(,'N solution would jnevent radiation, 

ho eonedudt'd that, th(‘ sourct' of radiation must l)f‘ cluunieal. 
Tims startcul the first (‘xperiinonts about clKunical r(‘actions as 
the source of radiant energy (]). 3,‘i). 

SlEBERT later (1930) eon e(*nt rate ‘d his attention upon l)lood 
radiation. He verified th(‘, statoim'nt of Lvdfa (Iurwitsoh and 
Saekini) (1929) that blood of normal, healthy jwoph* radiatc'd 
distinctly, wltih' tliat of cancer patients did not. He found, further, 
that uriiK", radiaf ('d, and that th(*r(* was a good paralhdisin betwtHUi 
blood and urine radiation. Of 35 patients witJi cancer, the majority 
showed no radiation of blood or urine. The exemptions wci’e 
{)ati('nts after recent tn^atment with X-rays and isarnim' Idue. 

Anemia, leuceTuia, high fever (sepsis, pneumonia, s(^arlatina) 
prevented radiation of blood, as well as of urine. With syphilis, 
radiation varied, but blood and urine went paralhd. N()n(^ of 
the other disease's tested (;ause<l loss of bloofl radiati(jn (dtjtails 
see p. 153). 

The experiments on the metamorphosis of amphibia and 
insects (p. 167), and on the healing of wounds in animals (p. 173), 
by Blacker and his associates, were all carried out by the yc'ast 


Protoplasma-Monographien IX; Rahn 
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bud method. Idle im])ortaiicte of the yeast agar blocks in the 
(‘stablisJ linen t of biological spectra has already been mentioni'd 
on p. 35. This iri(*thod is viiry commonly used in mitogen<*tic 
investigations at the pr(‘.sent time. 

Method: (^CKWITSCK gives the following directions for the yeast bud 
method (1932, p. 7): Beer wort agar jdatcs are flooded with a very fine 
suspension of yeast in beer wort, the liquid is distributed evenly over tlie agar 
surfaee by careful tilting, and the surplus liquid is dravui off with a pipette. 
After about 5 to 6 hours, the surfaee is covered with a fkie, didicaU* film 
of yeast, and is now sensitive, and remains so until about the twelfth hour. 
— Neither the temptiraturo nor tiie coneentration of the yeast suspension 
nor its ag(' is mentioned. The teini>erature is x>robably room temperature, 
and it should bo kept in mind here that on p. 14, (JuiiWJTSCii mentions 
12® (j as room temperature. The directions are probably meant primarily 
for the yeast Xddsonia fulvescens which has been used most eommonly by 
the; Russian workers, though Ixvr and wine yeasts ar(‘ oeeasionally nuMi- 
tioned. 

In order to giv(‘ a better conception of the proi)er physiological con- 
dition of the detector plate, we quote from the same book of GimwiTscifs 
p. 317; “The most appropriate stage of the detector ])late corri'sponds to 
a thickness of the yeast growth of about 25 to 30 layers of cells . . . (p. 31 H). 
\\'c(;an b<' certain that the lowest layers ofeoUs w hich are in immediate eontacl 
ivitb the nutrient medium consist csamitially of young c('lls in raf)id mnltiph- 
eation . , . Tin* cells of the middle layers arc not in oiitimal condition, and 
arc no more capable of developing spontaneously the maximal entTgy foi* 
d('velopm(uit whi(4i w^as found in the lowest layers ... It can hardly bt‘ 
far from tlie truth to deny any apiireoiable multiplication in tli(‘ topmost 
layers. However, th(\y are not real resting forms as yet.” 

Tlu' method of making smears to count the buds is not given in Grx- 
w risni’s book in any dotad. ft consists simply in snK'aring the yeast cells 
on a glass slide, drying and staining them. Only those buds are eounted 
wbieli are smaller than half of the full-grown cell. Some authors limit 
t.lieir counts to even smaller buds. Gurwitsch recommends that th(‘ person 
counting the buds should not know which slide or exjieriment lie has iindei- 
th(‘ microscope; this prevents subconscious arbitrary decisions. 

Attention should be ealled hero to a leaflet published h\^ 
Jng. (T Tkrzano & C., Milano, manufacturers of tlie “homo- 
radiometer" of Protti’s. All conditions are quite precisely standard- 
ized, and this may account for the good results of Italian in- 
vestigators. 

This method has been varied by other authors. Tuthilu 
and Rahn (1933) studied the mode of bud formation of Burgundy 
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yeast on raisin agar at 30® C. A typical result including all sizes 
of buds is shown in fig. 32. The culturt‘ immediately after being 
transferred cont.ains but very few buds, and new buds an' not 
formed at once. The old yeast cells which had ceased to multiply 
rt'quire sonu' tinu' bt'fon^ their reproductive mechanism is working 
normally. During this rejuvenation process, commonly calkid 
the lag phase, cells respond most promptly to mitogenetic, 
rays. It is also seen that they soon reach a maximum percentage 
of buds. If, at this lattfT stage, the rat(^ of coll division wen' 
accel('rat('d by mitogenetic rays, 
it could not increase the pt'i*- 
ct'iitage of buds (see also p. 69). 

Tlu^ most o])portune time' for 
using such a plate as detector is 
(‘vidcntly about an hour or two 
before' buel formation be'giiis. 

If sue*h a eletee^tor is e'xposeel for 
30 minutes, anel tlie'ii incubateel 
for one' he)ur (se) that the mito- 
geuie'tie* e'lle'ct might manifest 
itself l)y an ineTe'asc in buels) 
we' she)ulel have buel torrnatiem 
beginning on the' exf)oseel [)late' 
while the control has imt ye't 
beeM)me epiite rcaelyfejr budding. 

The “lag pe'riexl”, i.e*. the* time* interval betwe'en the* se'ejdifig 
e)f the* plate and the* first ae^tive buel formation, elepe'uds iq^on the* 
age* of the^ e-ultun* used for the seeding. With the Burgunely 
ye'ast e‘mple)ye*d by TuTinix anel Raiin, a plate* se'e'elc'e! with a 
21 hours olel culture was a good detector irnmeeliatedy afteu- seeeling 
When a 6 elays old eadture was ust*el, it was advisable to ine-ubate* 
the plate for af>e)ut 2 hours bedore^ exposure* (se'e^ Table 21), or to 
incubate for se^ve^ral hours after exj)Osure if e'xposure hael taken 
])lacc immediately after seeding. 

In liquid cultures, the old yeast ccUs retaineel their buds 
for many days while old (Mjlturcs on agar surface* le)st them 
re'adily. Since a low ijiitial pereientage of buels is ve'ry elesirable*, 
inoculation with yeast from agar surface cultures is re*commendeKl. 

This detector is really quite different from Baron’s or GiiR- 
wiTScn’s described above. All yeast cells are at the* same stage* 

5 * 



wine yeast. 
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Table 21. Kffeet of Irradiating Yeast Surface Cultures after 
Incubation for Different ITmes 


Length of KxiJosure : 30 minutes 
Incubation after Exposure: 30 minutes 


Age of Panmt 

i 

1 

Age of culturi' 

whf'n expost'c 


( -ulture 

, 

i 

0 hrs 10.5 hrs; 

1 ' 

1 hr 

1.5 hrs 

2 hrs 

2.5 hrs 


_ 


lk‘r 

eeiitage of Buds 


24 hours . . 

1 exposed art‘a 

25.0 

29.2 i 

4.0 

4.2 

9.8 

i().t 


control area 

3.0 

3.5 

4.4 

4.0 

9.5 

18.1 


; increase 

21.4 

25.7 

0.2 

—0.4 

0.3 

2.0 


Induction effect 

595.0 

724.0 

5.0 

-l.O 

4.0 

—1 1.0 

6 daj’s ... 

exposed area 

7.(1 

fl.O 

8.5 

22.5 ' 

20.2 

44.4 


1 control area 

(5.0 

7.0 

7.0 

19.0 

17.0 

27.8 


j increase 

1.0 

-1.0 

0.9 

3.2 

9.2 

1B.0 


} Induction effect 

1 '7-'> 

— 17.0' 

12.0 

17.0 

54.0 

B2.0 


of earliest ix'ju venation when exposed, and the eeUs are far enough 
apart not to influenee each other. TJie '‘mitogenoti(j effect” is 
much greater than in the other metliod because there are no old, 
inactive cells to “dilute” the comits. In fact, these art' probably 
the largt'st mitogenetic effects ever recorded. It is (juite })er- 
missable to count all budsb(*cause the percentage at the beginning 
is very low, and a limitation in size is not necessar 3 ^ This should 
make the counting easi(*r. 

On the other hand, this type of detetdor is so ditfcrcuit from 
the Dakon t 3 "j>e that it inaj^ react differently in certain experi- 
ments. As long as they are Uvsed mendy as detectors to prove tin* 
existence of radiations, both tvpt's are good. Probably, with very 
weak radiations, the Barojsi type is more s(*nsitivo because tlu^ old 
cells a-et as “amplifiers” (see p. 127). 

Method by "1’utiiill and Hahn (designed for Burgundy yeast): 
The yeast is kept throughout the experiment at 30® V. A 24 hours old 
culture in raisin extract') is flooded over a solidified, sterile raisin agar 

') Uaisin extract: 1 pound of chopped, or si'odtMl raisins is heated 
with 1 liter of watc*r in steam for 45 minutes, the extra(;t is ]iress(Mi off, 
made up to 1 liter, 5g. KTf 2 p 04 and 5 g. yea.st extract (or meat extract) are 
added; the resulting medium is sterilized at 100® The ])!! is about 4 to Lo. 

Raisin agar: Melted 6% water agar is mixed with an cMiual volume 
of the above raisin extract and sterilized by heating for 20 minutes at 
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plate; ilic surplus liquid is poured off, and the culture permitted to develop 
lor 24 hours. This surhice growth is Avashcd off with 5 cc. of sterile water, 
the suspension is then diluted 1 : 100 with sttuile water, and with this 
dilution, some sterile solidified plates of raisin agar are Hooded, the surplus 
liquid is drained off at once, and the plates should be exposed within 
half an hour. Half of the plate should be sliaded to servo as control. 

The length of exposur<‘ will dtqnuid upon the intensity of the sender: 
30 minutes proved a good time mth young yeast cultures. One to two 
lioiirs incubation, counted from the beginning of the exposure, was tlie most 
suitable time to bring out tlu‘ differences. 

In these plates, the yeast cells an^ so far ajiart that the buds i-an be 
counted din'ctly on the agar surface. The organisms art' killed by placing 
a cotton wad with tincture of iodine in tho Ikdri dish. Soon after that, a 
eoverglass can be ]>la(*ed on flit* agar surface, and tht* slightly-stained 
yeast is observed in situ, eliminating all possibility of brt'akmg off buds 
by smt'aring on glass. 

Tn all methods where growing cells in glass or ipiartz containers 
are used as dt tectors, radiation from thcsti growing cells may lie re- 
flected by tile glass or quartz walls, and may thus produce radiation 
(effects in controls as w^'b as in the exposed cultures. Protoetion against 
reflection is advisable in all such eases (soe ]). 80). 

Li(j uid cult iires liav(^ also lieiui usc<l smHH'sstully . liort', too, 
the rule applh's, that increases in the hud piTcentage can be 
ex])e(*ted only dui’ing tlie lag phasi' (se(' fig. 32). When all ei'lls 
are out of the lag pi'riod, and produce buds at a (constant rati', 
tho percentage of buds cannot be changi'd by a eliango in tli(^ 
growth rat(^. Since this has boon overlooked by some ('xper’i- 
nicntors, e.g. by Kkuiauds and '.Fayloji (1932), it may Im' ad- 
visable to explain this imiiortant point in more detail. 

Let us, for this discussion, distinguish five^ equal periods in 
tlie eompicte etdl division of the yeast, 4 with buds and one 
without. Fig. 33 shows a first ax)|)t’oximation of a ‘"cross section” 
through a yeast population growing at a constant rate. It requires 
5 time units for each cell to complete the cycle', i.o. to proeluce twei 
cells of the same developmental stages The percentage of buels is 
not e'-onstant, but fluctuates between 67 and 80%. This fluctuation 
is due partly to the arbitrary seleotioii of 5 stages, but meistly 
to an error in the^ cross section. In a growing culture, there must 


100® C. On account of the high acidity, the agar becomes hydrolyzed under 
pressure, and fliils to solidify; the same is true wnth prolonged lieating 
at 100®. 
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necessarily be more cells of the young stages than of the old. If 
we take all (;ells of the first 5 units as a more appropriat(^ cross 
section, we obtain the following picture; 


Yeast Culture at a Coiiataiit Growth Rat(‘ 


Time units 

1 0 

' 9 no buds 

1 8 tiny 

7 small 

6 medium 
5 large 

1 ' J 

9 tiny j 

8 small 1 
7 medium 1 
6 large { 
10 no budaj 

2 

9 small 1 
8 medium 
7 large I 
12 no bud.s 
10 tmy 1 

1 ^ 

9 medium 
8 lai^e 

14 no buds 
12 tiny 

10 small 

’ 4 

9 large 

16 no buds 
14 tiny 

12 Rmall 

10 iru'dium 

1 ^ 

18 no buds 
^16 tiny 

1 4 amall 

12 medium 
10 large 

1 ^ 

18 tiny 

1 6 small 
14 mediui 
12 largo 

20 no bud 

with ba(l«. I 

L‘6 

' 3U 1 

34 

39 

45 

62 

60 

without ... 

! ^ 

!10 j 

12 

14 

16 

18 

20 

Total j 

135 

i 40 j 

46 1 

63 

1 

70 

80 

®/„ buds . . ,j 74.4 “/d 

1 76.0 V„ 

73.9 V« 

73.7 Vo 

73.9 »/« 

74.4 ; 

76.0 Vo 


There is a fluctuation of only about l^/^. 

This perc^eiitage depends only upon the variety of yeast used. 
Whether it grows rapidly or slowly, wladher the time unit is 
80 to ()0 minutes (at cellar temperatures) or 10 minutes (und(‘r 
optimal conditions), the percentage of buds remams 74 — 75%. A 
change of the growth rate would not affect the bud percentage at all. 

Mowc'ver, a change would become noticeable if only on(' 
certain stage of the cycle slioidd be accelerated. If niitogeiioti<^ 
radiation should speed up the very first stage so much that th(' 
“tiny” buds never appeared, tin* number of buds at the 0 period 
would drop from 26 out of 85 to 18 out of 27, or from 74.4 to 
66.8%, and this lower level would (jontinue as long as radiation 
accelerated the one particular stag(‘. 

It is ratluu’ probable that only a (uutain stage of the cell 
cycle is affecjtcd by mitogenetic rays. Many observations suggest 
this, and our present conceptions of the im^chanism of cell division 
do not contradict it. This would offcT a good (‘Xplaiiation for the 
“false mitogenetic depression” of (tUBWITSCH (1982, p. 210) and 
especially of Salktnd (1933) where the pcrciontage of buds dt^creast^s 
while the total cell count increases under the stimulation of 
mitogenetic radiation. 

The reliability of the Baboj^ nietJiod has binm doubted by 
Nakaidzumi and 8('iiKEiBKJi (1931) who claimed to have followed 
Bakon’s method explicitly. However, tlu^y have kef)t their de- 
tector cultures for 9 — 12 hours at 25 C while Baron used room 
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temperature which may l)e as low as 18^ C in Knssia. That their 
(‘iiltiires were far too old, (‘an be seen from tlu' fact that in most 
of their exj)erim(‘nts, the f)er(‘entag<‘ of buds decn‘as(‘d distinctly 
in 2.0 to (S Imurs. 

The claim of these authors that the (*iTor of the method 
has nev(U‘ b(‘(‘n consid(‘r(‘d by the workta-s is (‘utircly wronpj. 


lime Units 



O 
OD 

Number of full -grown cells 5 
Number of cells w/lb buds V d 
Percentage of cells with buds 80% 67% 

38. A schematic representation of the bud formatioTi of a yeast 
(!ultur(‘ ^^rowing at a constant j’rovvth riito. 


o- 

Oo — cx>— O -O 
8 10 n n 

7 8 8 10 

73% 80% 67% 72% 


Ev(Ty biologist knows tfi(‘ (Tror of his uKdJiods. at l(‘ast approx* 
ima.t(‘l\. Th(^ Russian investigators have n^peatedly stated tlu' 
error of tlicir method, though thc'y hav(‘ not givtui all the dal a. 
n<‘ct‘ssary for others to check their computatioji. Tliis (‘a.n be done 
very easily, lioW(‘ver, from the data on exp(*rini(*nts without niit(j- 
g(‘n(‘tic (‘tf(‘ct. SiiCBEKT o.g. rar(‘Jy publish(‘s ](‘ss than 10 experi- 
numts to prove an yoiie point. TJie following computation is mad(‘ 
from a study of the effect of KCN uj)on (U’ganic catalysts (1928b 
and 1929), and the differences b(*twe(‘n control and ])oison(‘d catalyst 
giv(‘ th(‘ (Ti’or which is computed h(U(‘ in two diffeient- ways: 



av(‘Ta.^e mean 

(lcviati(ju 

average | 
increase i 
through 
radiation : 

standard 

d(‘viati(m 

() ' 1 

___ i 

j increase by 

I radiation 

(> 

l928a'rabloVl 

1.2 

i ».2 

3.3 j 

30 

VII 

1.4 1 

7.9 

2.9 ! 

28 

VIII 

2.3 i 

j 10.9 1 

4.b 

35 

1929 Tabic I 

1.1 i 

! 33.4 1 

2.b 

67 


The uKTeascs resulting from irradiation ar(‘ very much lai’ger 
than the error, regardless by what method it is computed. 
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e) Detection by increase in cell number 

To the investigator not familiar with yt‘asts, it may se(‘m 
that there should he no t‘ssential diifereiiee between the total 
number of cells or the percentage of buds as a measure of the 
growth rate. For this reason, tin? preceding pages were written. 
There is a difference so fundamental that in a number of ex- 
periments, the yeast })ud method indicates a decrc'ase in the 
growth rat(‘ whde th(^ total cell count shows aii increas(' (c. g. 
Table. :U p. IK)). 

The number of cells is th(‘ best measure of the growth rate, 
better than any other of th(‘ methods described in this I>()ok, 
b(‘eaus(‘ it ascertains cc'll divisions directly while the mitoses in 
onion roots, the buds of y(‘ast (xdls, th(^ resjhration, etc. are 
indirect measurements f)f growth, and may be influenced by 
secondary effects. This method is used with yeasts as well as 
Avith bact(‘ria. While they are identical in ])rinciple, tlu^y difler 
in the irndhod of measuring since yeasts arc so niin^h largei* than 
bacteria; they shall Ih) tr(‘ated separab'ly in this chapt(‘r on 
M(*lhods, 

(1) Yeasts: The number of yeast cells in a liquid may b(‘ 
ascertained by plate count, by hemacytometer count, by measuring 
the volume of all cells, or by comparing the turbidity by means 
of a nepheloiiK^ter. 

The plat(^ count method has rarely been used. It is the same 
as that used for counting bactcTia except that more pref(*rable 
in(*dia arc beer wort agar or raisin agar. 

The hemacytometer has betm used by the Kussian workers 
as well as b\' Heiniaivtank (11)32) in Ids studies on blood radiatic>n. 

HE^^’KMVNN^s method for testing the radiation of blood consists 
essentially iji the exposure of a 12 -houi culture of beer yeast (tem])eraturo 
not mentioned) in Uf|uid beer wort, to the radiation of blood diluted v\itb 
an equal amount of a 4% Mg 8()4 solution to prevent coagulation. Tbe 
exposure lasts 5 minutes, and it is made discontinuous by moving some 
object between blood and yeast at intervals of 2 seconds (see p. 103). 0.5 cc. 
of the (‘xposed y(?ast suspension is then mixed with an e({ual amount of 
beer wort and incubated for three hours at 24” The total number of 
yeast cells (counting each smallc.st bud as an individii/il) is determined with 
a hemacytometer at the start, and again after three hours’ incubation, both 
in the control and in the expos(‘d cultnn*. All cultures are preserved for 
counting by the addition of HgSO^. The control is counted twice. An 
exampk' of the results and of the method of calculation is given in Table 22. 
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Table 22. Yeast Cells Counted in Hemacytometer bvjore and 
after Irradiation by JHood 


. ! 

j !i ■ 'I 

' 1 Control j 

stait'l „ 1 

laftor 3 hours' 

j ! 

Irrad- 

utod 

1 Incroaso of ; 
Control Irrad- j 
1 iated j: 

1 •/. 1 '/. ; 

1 ..Induktion” - 
100 (Irr. — Con ) 
Control 

actual 
increase in 
tfrowtU 
rate 

Healthy person . 

41.5' 02 

<>3.0 

84 

' 49 

1 

102 ; 

1-108 

82 

Carcinoma i)atient 

10.0, 08 

mjt 

56 

48 

22 1' 

-54 

—42 

Chronic tonsilitis. i 

1 29.01 18 

48.5' 

49 

65 

65 

1 0 

0 


cm]diasizes 

that 

this 

JiK'th 

od depruid 

s upon 

tlu' physiological 

condition of 

th(‘ 

yeast. 

and 

that no (41 

’('ct can 


l)(^ t‘xi)e(*t('d \vh(‘n the control grows too rcij)i<lly, i, c, wIkui the 
control increases to more tlian donblt' diii’ing the incubatioji 
p(‘rio(l. This means, in other words, that thi‘ y(‘ast must Ix' in 
lag phas(‘, (‘ls(5 it would double in less than 3 hours. To avoid 
errors from this source, he tested <'ach blood sample witJi two 
different yeast strains 

Tlu^ r(‘sults by Ihis imd-hod verified all fornu'r expiuiences 
with blood radiation, t‘S])ecially in regard to canetT patifuits, as 
will be shown in Chapter \TI. He also add(*d some important 
new facts regarding radiation of the blood of old peojde and of 
patients with chronic tonsi litis. 

The nu'asureimmt of the growth rate of yeast by cell volume 
has been studied in dtdail by Liuws (1924). The ac-curac.y is not 
great(*r than witli plate counts, and the curv(*s and data publisluid 
by this author show so litth^ deviation only because they 
presented in logarithms instead of actual numbers. Howev(*r, 
the volume is sufficumtly accurate to j)rove mitogcuu'tic radiation, 
and the method recpihes l(‘ss time and less i‘ye strain than tlu' 
hemacytometer method, also giving quicker rcvsults thaji the 
plating method. Buainess (quoted from CD kwitscij, 1932, ]>. 17) 
has adapted the method for tlu* small voluniina availabk' in 
m i t ogene t i c work . 

Volumetric Method: Kalendaroff (19.12) used beer yeast in a 
strong wort (18 — 22® Balling); only cultun\s 15 — 20 hours old (bunperature 
not given) which arc actively fermenting, are suitable as detectors. After 
exposure, the* ,yeast is distributed evenly, and a detinit(5 amount of the 
exposed culture is mcxisured by means of a mieropipettc, e. g. 0.2 cc. This 
is added to 1 cc. of fresh wort, and incubated for 4 hours at 28® C. The 
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Table 2U. Height of yeant coluiiiiiof centrifuged yeast cultures, 
e X posed to the various s])ectral regions of the radiation produced 
by gastric digestion of serum albumin, and of their controls 



mm of veast 


!! mm of yeast 


\\ live , 

('olinnii 

Induction 

1 eolunin 

Induction 

L(‘ngth 



Effect 

Length [, 


Effect 

il 

control 

j exposed , 


1 control 

•1 

j exposed 


2320 ' 

1.5 

15 

0 

2300 j IS 

!■ 

0 

2330 i 

15 

15 

0 

2370 ; 17 

! ‘ IH 

0 

ji 

15 

15 

0 

!, 



i' 

14 

14 

0 

1 



2330 - !' 

20 

23 

15 

2380 12 

10 

33 

2350 i: 

20 

24 

20 

2300 ! 9 

12 

1 33 

|i 

20 

25 

25 

!■ 9 

12 

33 

i 

20 

2(> 

30 




'i 

20 

25 

25 

1 

1 



20 

20 

30 

2300 i: 15 

; IS 

20 

'■ 




2400 j 15 

20 

33 

23r>0 -- 1 

10 

10 

0 

' 

20 

24 

23(10 1' 

10 

10 

0 

' 20 i 

1 21 

20 


I 


y(‘ast eelJs are killed by adding 0.2 ce. of 20% ir 2 S(.) 4 , and aT’(‘ eontrifuged 
in pij)ettes commonly used for measuring the volume of blood corpuscles 
(the ilhistrations of the Russian workers appear to be van ALLE^ liematocirit 
tubes), 'riie yeast eoluum of the (‘xposed sam])le is eouipariul with that of 
the control. 

Table 23 shows some results obtained with this method by 
Billhj, Kanjveoiessj^k and Holowjeff (1032) who used it in 
th(‘ d(!t(umination of the spec^truni of gastric digc'stion. 

A stdl mon* rapid metliod for estimating the amount of 
growth is tlu‘ iu('asurenu*nt of tlie turbidity of the (uilture by 
means of a nepludoinetcu’. This method has been used occasion- 
ally by baet(‘riologists for several deead(\s; the methods an* 
review(‘d and analyzed by Strauss (1029). The nephelometer 
ca?i ])(* ns(‘d for bacteria as w(*ll as for yeasts, while the cell voluim* 
of bacteria is too small to be measured with suffi(dent a(^cura(jy 
ill the earli(*r stages of growtJi. Attention may be called to the 
d(*seription of a simple nephelonudor by Richards and Jaiin 
(1033). Mon* complicated is the differential photoelectrie nephelo- 
meter d(*serib(*d hy (h'RWiTsiUT (1032, p. 17). 
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Tabit* 54. Bacillus mescntericus Irradiated Coiitinuoiisly by Veasl 
at 12mm. Distance, throngh Quartz 


1' 

Ij 

(/ells 

per eid)ie millimeter 

Mitejge*netic 

j. 

start 

1 eenitrol 

j LiTarlia1(*d 

Elfeet 

2 hrs 

31bS 

1 

' 11410 

18 290 

OO 

2.5 „ 

528 

7 920 

8 970 

13 

3 „ 

4048 

12 49(> 

lOOlO 

28 

3.5 „ 

J584 

j 10 912 

13 552 

24 


( Joneration Times 


Time 

1 e*ontre)l 

iiTadiate'el 

me‘n*a 


1 min. 

1 min. 1 

() ' 
(> 

2 hrs ! 

i' 03.7 1 

! 

30 

2.5 „ 

38.1 1 

I 37.7 : 

o 

3 „ 

110.8 

90.7 ! 

22 

3.5 „ 

1 75.5 

07.8 

1 1 


Another way of estimating tlie amount of growth in \(‘a.st 
CMiltnres has l)eeii suggested by Bakun (1930) who compared th(' 
size of yeast colonies in hanging drops. This nudhod has l)(‘(‘n 
slightly modified by Borodim (1934) who jdiotograjduul the colonies 
and me asured their area with a planimedeT. 

(2) IDiete'i’ia: The stinndation of bacteTial growth l)y 
mitogenietic radiation iiad already benm observed by Bakun (1920) 
and by Skwi<JKTZuWA in 1929. Table* 24 giv(*s some e)f the re‘sults 
obtaine*d by the latter. The* elata we‘re* ve*rifie‘el l)y Ae\s (1931), 
who irraeliated liejuid e*ultures f)f Bacillus murimors with agar 
eulture*s, e*ither of the same* speeaes, e)r of yeast, anel fe)unel that the 
elfee t by ^muto-inehie-tiem”, i e* , by the* same spe*e-ie‘s, was tlie* 
greate*?'. 

BAKe)N anel A(\s eliel not reeomme-nel the* gre)wth rate* e)f 
baett‘j*ia as a univ(*rsal indicator fe>r mit.f)g(*ne*tie- radiatie>n. Tins 
Avas eleme me)st sueHVSsfully by Wulkk anel K\s (1931) 4die‘se‘ 
authors worked with different species, anel the numbe*r of ee*lls 
Avas elete*rmin(Hl by the custennary method of bacte‘riologieail 
tee-liniejiie, tlie* agar plate e;oiint Iiisteaid of making dilutions in 
Avater. they took their samples with a Wkkjht ])ij)ette Avhieh 
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d(*livers ? of a cc. using the slide cell method. Ferguson' and 

^o(J j 

Raun (1933) obtaified good results with the ec*. pipettes ust‘d 

in tile standard (Breed) method for the micToseopie count of 
ba(jteria in milk. 

The plating of such minute quantities is necessary bc'cause 
only very small amounts of the culture (about 1 cc.) (‘an b(^ 
exj)os(‘d, (ui account of the strong absorption of ultra-violet 
light, by the customary ba(^teriological media. Wolff and Ras 
(1931) show(^d that a layer of standard nutrient broth 0.5 mm. 
thick transmitted only rays above 2500 A; if broth is diluted with 
9 parts of water, a layer of 1 mm. still transmits some rays as low 
as 2200 A. Wolff and Kas irradiated tludr bacteria in standard 
broth in a layer (^f 0.6 mm. : even then ])art of the bacteria \\t'r(‘ 
shad(‘d. 

FKR(n’soN and Rahjs (1933) verified this observation. 1 cc. 
of a standard broth culture' of Bact(‘riuni coli in a (piartz dish 
in a lay(U‘ of 0.6 mm. irradiated from below showed no incn'ase 
over tlu‘ control, while a culture in broth dilntenl J : 10 sbowi'd a 
good mitogimetic (*lfect. Woi^ff and Has poinb^d out that only 
during th(‘ lag jihase, definite residts could be obtaiiK'd. During 
rapid grewth, there was no (dfecjt. 

A most interesting observation was the exhaustiem of bacteria 
by contimie'd iriadiation, resulting in a decre^ased growth rate. 
Idle* two e'xperimeiits in Table 25 simw a lag period of about 
2 hours in the* control Irradiation decreases this pe'riejel very 
distinctly, and with iiicre'asing intensity, or elecreasing elistance, 
the* lag bee-omew shorte'r ajid short-er. However, continued irra- 
eliation afte*r the lag ]jhase* re*tards the growth for some.* time*, 
and at 5 hours, the^ cejTitrol shows more (jells pen* cc. than any of 
the (jultures whose growth was distinctly stimulated. This re*tarda- 
tion of growth is only temporary ; most of the irradiated (‘ultures 
almost doubled their uunibe'r during the* 5th hour, indicating a 
return to the nornial growth rate* (fig. 34). 

M'etliod (the most recent method by Wolff and Ras, 1933a). A fresh 
suRpeiiHion of staphylococci in broth, with about 20 000 cedis ]K‘r cc., is 
placed in a glass dish in a very thin layer, covered with epiartz, and e^xposed 
(e. g. to milk f- rennet in a quartz tube). After exposure, the dish with the 
bacteria is incubated at 37® (5 for t«> 30 minutes; so is the control. Ry 
means of a capillary pipette*, sanqiles of the exposed culture and control 
are* either plated ejii agar, or brought into “slide cells” according to WregHT. 



METHODS OF OBSERVIN(i BIOL()(iICAI. RADIATIONS 7 


'J’able 25. The Fffeet of Different intensities of (hmtinous 
Badiation through Qnartz upon the Rate of Orowth of Staphy- 
lovnccus aureus Sender: Agar siirface eultnre of Staphylococcus aureus, 
at v^arious rlistanees 


Distance* betw^een 

^ “r. 

11s per cubic ccntinu^ei 

sender and detc'ctor 

t’ontrol 

12.5 cm. 

: c-m. 

2 cm. 

j| start 

31 200 

31 200 

31 200 

31 200 

Experiment r aft(‘r 1 hour 

3i 400 

32 200 

30 700 

50 200 

1 I „ 2 hours 

32 100 

55 700 

54 000 

48 800 

li „ 3 „ 

45 000 

57 000 

51 700 

40 800 

f 4 „ 

133 000 

128 500 

117 000 

51 200 

li „ r> „ 

1' 

202 000 

237 000 

135 000 

70 200 

! start 

14 700 

1 I 700 

14 700 

14 700 

Kxpeninent > ,. 1 hour 

14 050 

14 200 

10 400 

24 500 

1 L ji ,, 2 hours 

15 100 

10 000 

32 400 

20 250 

1 „ 3 ,. 

17 100 

28 700 

32 700 

22 500 

i - 4 

50 700 

80 800 

40 700 

21 400 

1 ^ 1 

123 000 

108 500 

70 300 

44 400 


'Jlie uniiTadiated eontroLs never show growth in this shojt time wlnle tlie 
irradiated cells do. 

W(»Li'T and Has consider ov'er-ex 2 )Osnre the most common (*aiis«‘ of 
failure; over-exposure either ])roduccs lut efTect at all, oi' cvJMilnallv' a 
decrease of growth rate (sec ]>. 115). 



Figure 34. Developpenumt of tw'o liquitl staphyloeoc-eus ciiltun's of which 
one was exposed continuously to the radiation from a staphylocoeeus 

agar plate. 
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The error of the method is mentioned in 1934; four detailed 
s(*ries are given, the counts being 73.1 3.6; 91.2 J:; 3.3; 133.8 

4.5 and 171.1 J:: 7.3. The errors are betwecMi 3.4 and 4.9% of 
the total count; the increas(» by irradiation amounted to 25% 
and 28%. 

Method: Fkegit.soiV and R.vhn (1933) Htiidicd the best eonditioii.s for 
a good niitogenetie effect with Hactenum coh, and found tluit it depended 
primarily upon the age of tlui culture?, and tlui transiiiission of ultraviolet 
by the mediiun. 24 hours old cultures never reacted; (niltures 4K hours old 
or still older alwa^^s responded. The best medium was 1 part standard 
broth plus 9 parts water. Th(? simplest proeodui e is to irradiate 1 ee. of 
an old culture in dilute broth (either in a quartz dish of 4~5 cm. diameter, 
through th(* bottom, or in a (piartz-eover(‘d glass dish, from abo\e), dilute 
this 1 ec. after c.vposuro 1 : 10 000 with dilute broth, incubati', and plate 
at least eviuy 2 hours foi- 6 to <S hours. 'Phe <*ffect may not bt'come apparent 
if fhe cell eoncenl ration is too high (over 100 000 ])(>r ce. at the start of incu- 
bation, s(‘(‘ 4 able 41 p. 136). Ilie tunc of exposure depends ujion the inttui- 
sitv of t he sourc(‘, and no ruh‘s can be given. With a 4 hours old agar sur- 
face culture (37® (1) as sender, the best results were obtained with 15 to 
30 minut«*s of irradiation (see ^^able 26). 

3. Computation of the liidii(?tioii Effect: The in- 
duction eff(‘ct in thi‘si* bai^ti'rial (uiltiires can be computed iu the 
sariK' majiiicr as ex])Iain(‘d on p. 64. As a matt(?r of fact, this 
has been done by Seweutzcwa (Tal)le 24) and Acz. This (iom- 
putation implies that multiplication of bacteria is arithmetical, 
while in truth it is ('X])onontial. By compuf-ing the growth lutes, 
we have a really ndialile rii(‘asiire. The growth rate is usually 
suhstitnted by the giuieration time, i. tin* time required for 
the avi'rage cidl to doid)l(‘. It is computcsl from the formula 

t X log 2 

g “ - 

log b — log a 

wh(*re (( is th(‘ nuinlxT of cells at the beginning, and h tin? iiuinIxM- 
after thi‘ tini(‘ t. Both methods have* been apjilied in Table 26. 
The iiidnction effec’t calculated from the numbers directly is in 
on(‘ cast' (15 minutes exposure) 183, while tht? etletit in the saint' 
cidture, eomjmtt'd from the generation time, is oidy 27. However, 
it must be considert'd that the number 183 has no real biological 
significance whilt? the other indicates that during the four hours, 
this culture had a growth rate 27% higher than tht* averagt' of 
the two controls. 
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Table 26. 3 days old culture of hactennm coh ^ irradiated for 

various lengths of time by an agar surface culture of the same 

bacterium 

(The numbers are cedis per ce. after diluting the irraeliated culture's 
1 : 10 000 with broth) 



( Control 

Duration of Irradiation 

Control 


No. 1 

60 min. 

30 min. 

15 min. 

7.5 min. 

No. 2 

start 

5 050 

r> 650 

6 800 

7 250 

6 250 

6 550 

after 2 hours . . . 

T) 700 

5 800 

7 950 

7 750 

5 850 

7 000 

,.3 


11 000 

14 350 

14 400 

8 300 

8 500 

„ 4 

23 7r)0 

24 250 

29 000 

35 350 

19 150 

19 550 

„ 0 

issnoo 

223 000 

434 000 

157 000 

139 000 

137 000 

Induction Effect . 

— 

37 

168 

183 

-16 



Generation Tinn 

‘S, 



in minutes, for th 

(‘ time i 

ntcr val 

from 2 

-6 hours 

Cleneration 'fimes 

47.6 

45.5 

41.5 

40.8 

52.5 

56.0 

Induction Effect . 

— 

1 14 

1 25 

I 1-27 

—1 



This proceduH' has also boon usiul in 'J’ahlo, 24. It (h)Ii1(1 Ix' 
used with yoasts as well, o. g. in Table 22. llowevor, tho t'rror 
bocoiiK^s very largo if the inoroas(‘ is small. Tn the tables givi'ii by 
SciJREiBER (]933), the giuioration time of yeast for tlu^ first 
2 hours when the mitogomdic offeot is strongest is mostly mori' 
than 2 hours. This moans tliat not all o(‘lls had divided in this 
time. Though Sc^hreiber does not give' tho actual numb<Ts of 
cells from which he oaloulatod the generation timi'S, it seems from 
his curves that they wore computed from less than 100 etdls. 
This makes tlu' error vi'ry large, and a comparison of th(‘ giowth 
rates must neiJossarily result in enormous piu’oentual differences. 
Thus, 8chkkiber found the variations in dupli(*at(^ plates of 
SaccfiAtromyces eUrpsoidcus commonly to ri'aeli d0%, and oiu^asion- 
ally more, and in one case even 103%. With Nadsonia, tlu'i 
deviation of duphcati's went as high as 237%. With such a large 
('rror, there is litth' hope of detecting mitogenetic (‘fleets. 

The “Induction Kff(*ct” as usually (jaleulated (p. 64) has no 
definite meaning. It permits no eomjiarison with the probables 
error of tho nudhod. It is very unfortunate, thendore, that 
many investigators, especially the Russian scientists, rc^cord th(‘. 
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obtained effects merely by giving the “Induction Effect”. The 
critics point out very justly that such relative numbers are not 
convincing. It would add a great deal to the general recognition 
of biological radiation if the actual data obtained (numbers of 
cells, of mitoses, percentage of buds etc.) were given for the 
exposed culture, the control and also for the same culture before 
the beginning of the experiment. 

d) Detection by cell division in larger organisms 

The three detectors mentioned above arc the only ones that 
have been commonly used to prove the existence of mitogenetic 
radiation, a few others have been employed occasionally, but not 
often. 

Mention is made of the reaction of mold spores upon mito- 
genetic rays. The first publication of actual efiects is probably 
that by Schouten (1933). Wolff and Ras (1933 c) mention that 
they react slowly and require about ten times as long an exposure 
as staphylococcus cultures. 

Ferguson and Raen, in some unpublished experiments, 
observed that the radiation of the det(‘ctor culttire may be 
reflected, and may thus give a mitogenetic effect even in the 
controls which received no radiation from outside. Spores of 
Aspergillus niger were spread on an agar surface. When the 
dish was covered with a glass cover or a quartz plate, germinat- 
ion was more rapid than when the cover consisted of black 
papt^r or sterile agar. The effict varit's in magnitude, and is 
not always present, but must be guarded against in this tech- 
nique and probably in most others. This reflection may be the 
cause of many failures to observe mitogenetic rays. The strong 
effect can be explained by polarisation of the rays through 
reflection (see p. 45). 



Percentage of germinating mold spores 

Exper. No. 

Reflecting surface 

1 Non-reflecting surface 


Glass 

1 Quartz 

Agar 

Black paper 

13 

36.0 

35.0 

19.8 

19.6 

14 

33.3 

35.1 

14.5 

23.3 

15 

42.8 

39.0 

22.4 

35.2 

16 

33.2 

— 

— 

37.4 

17 

— 

45.8 

18.4 

14.8 
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In the animal kingdom, tht^ eggs of the smaller animals have 
been used occasionally to demonstrate the mitogenetic effect. 
Reiter and Gabor (1928) showed that frog eggs when irradiated 
with the spectral line 3340 A developped more rapidly into tad- 
poles than the controls. Too long an exposure retarded the de- 
velopment. The wave length is unusual as in all pubheations by 
Reiter and Gabor (see p. 60). 

In a short paper, Wolfe and Ras (1934b) showed that eggs 
of the fruit fly Drosophila meUinogaster hatch more rapidly after 
having been tixposod to the radiation from bacterial cultures 
(see also p. 144). 

The eggs of sea urchins were found to be quite good detectors. 
The rate with wliich they divide, can be easily seen under the 
microscope, and the percentage of eggs in each of the diff(?rent 
stages is a good indication of the growth rate. Salkind, Potozkv 
and ZoGLfNA (1930) were the first to show that biological radiation 
from growing yeast or contracting muscle will increase the rate 
of development of the eggs. 

The Italian school of mitogenetieists has also used sea urchins 
repeatedly. Not all species are equally well adapted as detectors, 
some being much more sensitive than others. Tabl<^ 27 shows 
some data by Zirpolo (1930). 


Tabic 27. Mitogenetic Effect uijon the Eggs of the Sea Urchin 
Paracentrotus lividus 




Percentage of Eggs 


(Sender 


Control 


Irradiated 



unchan. 1 

2 blast. 1 

4 blast. 

unchan. 

2 blast. 

1, 

Bacillus Pierantonii 

82.6 

13.9 

3.5 

10.7 

87.6 

1.7 

,, ,, 

74.5 

26.5 

0 

35.0 

65.0 

0 

,, „ 

70.0 

30.0 

0 

8.4 

88.4 

3.2 

Penicilhum (in dark) 

97.8 

2.2 

0 

7.9 

: ^^1-5 

0.6 

„ (diffuse light) 

70.4 

26.7 

3.9 


1 



The morphological changes of the larvae brought about by 
irradiation of sea urchin eggs will be discussed later (p. 164) since 
a different principle is involved. 

Tissue cultures would appear to be an interesting subject 
for the study of this radiation. The first investigation was started 
without the knowledge of Gxjrwitsch’s discovery. 

Protoplasma-lfonographien IX: Rahn 6 
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Guillery (1928) observed during some experiments on the 
growth -promoting agents for tissue cultures, that two or three 
cultures in the same dish influenced one another. While the most 
i^apidly-growing culture usually maintained its growth rate, 
that of the more slowly-growing ones was distinctly increased. 
Fig. 35 shows the relative daily increase of three cultures from the 
heart of chicken embryos, which were transplanted at different 
ages of the embryo, and therefore had different characteristic 
growth rates. These remained constant as long as the cultures 



Figure 35. Daily growth increments of three cultures of chicken embryo, 
grown separately for 8 days, then united in the same dish. 


were grown in separate dishes, but were changed whtui all thrc'i^ 
were continued in the same dish. Iiudsions in the solid medium 
which separated the cultures and prevented diffusion from one 
to the other did not prevent the mutual stimidation. Even when 
a strip of solid medium was completely removed between two 
cultures, the effect sometimes continued. When a glass slide wa.^ 
used to separate the cultures, the influence ceased, even if the slide 
did not touch the bottom, and permitted diffusion. FurtluT 
experiments showed that the effect spreads re ctili nearly ; by 
placing several cultures in the same dish, and inserting small 
glass strips between some of them, the effect of the glass was 
found to be that of shading. This can be explained only as radiant 
energy which stimulates growth. It could also be shown that the 
radiation was reflected from metal mirrors. 

These observations suggested to Guillery the possibility 
that the embryo extract which is necessary for the growth of 
tissue cultures, acts essentially as a source of radiation. He 
irradiated a number of cultures in a dish, from one side, with 
embryo extract, but the result was negative. However, with a 
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head of a chicken embryo, ho obtained in all 4 experiments a more 
rapid growth in the culture nearest to the radiating substance. 

The second paper on this subject was that of Chrustschoff 
(1930) who observed that growing tissue cultures began to radiate 
some Httle time after transplantation from the original tissue. 
With a spleen culture of Arnbystoma tigrinu7fi, radiation began 
after 60 hours ; with a fibroblast culture from the heart of a chicken 
embryo, after 12 hours. CJhrustschoff believes that radiation is 
due to autolysis of necrotic parts in the culture. 

Next, Chritstschoff used the tissue culturt^ as det(‘etor. 
A fibroblast culture (chicken) was divided into halves, both were 
cidtivated in separate drops on the same quartz cover glass, 
and one of the two was irradiated for 48 hours by a beating 
embryo heart, which was replaced when necessary. At this time, 
the irradiated culture appeared much denser than the control; 
after 3 days (the last day being without radiation), the oxposc'd 
culture was far in advance of the control. 

Jaeoer (1930) observed that blood radiation retarded the 
growth of tissue cultures. Here, as with all other detectors, some 
investigators obtained negative results. Lasnitzki and Klee- 
Rawidowicz (1931) as well as Doljanski (1932) could fiird no 
stimulation by mitogenetic radiation. Doljanski used cultures 
which reacted promptly upon addition of embryo extract, but 
they did not respond at all to organic radiations, even if the 
distance was only % 

Very recently, Julius (1935) obtaimnl definite growth 
stimulation of chick fibroblast cultures, but only on poor media. 
By placing one half of a culture on glass, the other half on 
quartz, aiid exposing both to radiation from staphylococcus 
culture, those on quartz grew more rapidly as me asured by 
means of a planimcter. The induction effect was recorded as 
the ratio of increase in the quartz culture* over that in the glass 
culture*. In 56 such pairs, the av(*rage effect was 1.92 Jz 0.15. 
Another set of 48 pairs, but without irradiation, gave the ratio 
1*01 Az 0.08, proving no chemical effect from glass or quartz. 
The actual stimulation by radiation from bact(*ria was therefore 
0.91 0.17, the effect being 5.3 times the probable error. 

It may be that a certain stage of development is necessary 
to make the cells sensitive to the mitogenetic stimulus, as was 
shown for yeast and bacterial cultures (pp. 61) and 120). 

6 * 
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Table 28. Mitogenetic Effects produced in the Corneal Epithelium 
of vertebrates by 3 — 4 minutes exposure of the left eye to the 
spectral line 2030 A 


Triton 


left eye 
exposed 

right eye 
control 

/o 

incr. 

64 ' 

27 ! 

100 ’ 

134 

60 

100 

130 

61 

150 

60 

30 

68 

63 

38 

40 


Number of Mitoses 


Frog 


left eye 
exposed 

right eye 
control 

/o 

incr. 

277 

108 

168 

3200 

2070 

50 

615 

333 

85 

696 

205 

240 

886 

221 

300 


left eye 
exposed 

Rat 

light eye 
control 

0/ 

/o 

incr 

3086 

1944 

7^ 

3312 

2050 

6( 

1644 

11»7 

4( 

4401) 

lOtT" 

12J 

25931) 

1578 

7( 


A very good detector is the corneal epithelium of verte- 
brates, according to Lydia Gukwitsch and Anikin (1928). It is 
the only easily accessible tissue of the grown animal showing 
frequent mitosis. The number of mitoses varies with the physio- 
logical state ; it increases rapidly with good nourishment, dropping 
in rats during starvation from approximately 2000 to about 50. 
Fortunately, the two corneae of the same animal always show 
very nearly the same number of mitoses, so that one oyo can be 
irradiated, and the other used as control. 

Method: For physical light sources, an exposure of 3 — 4 minutes was 
sufficient, th(* animaJ’s head being held in the hands of the experimenter. 
With biological sources, exposure had to b(^ continued for 20 minutes, which 
necessitated the tying down of the head into an immovable position. Ordi- 
narily, after irradiation, 3 — 4 hours time was given for the manifestation 
of the effect. The cornea was fixed for 40 minutes in 70% alcohol 4 5% 
acetic acid, stained wdth haraalaun, and clarified in glycerol. 

The results in Table 28 show very strong mitogenetic effects. 

e) Detection by changes in yeast metabolism 

Obsenius (1930a) concluded that such decisive changes as 
the acceleration of the growth rate of yeast must be accompanied, 
or perhaps preceded by changes in metabolism. He studied, 
therefore, the influence of irradiation upon the rate of respiration 
and of fermentation of yeast. The technique employed was 

The source of radiation was a yeast culture. 
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essentially that of Wabbukg (1923), or of Runnstrom (1928) 
for measuring respiration of tissues or tissue pulps. The organism 
used as detector was a wine yeast, which was exposed in quartz- 
bottomed dishes to yeast radiation for 4 hours before being 
tested. The result was a stimulation of fermentation, but a 
retardation of the oxygen uptake. 

The results can be briefly summarized in the following way: 

. . \ f68 increase 

Ft rincntation in N 2 -COg [ 102 experiments | 4 decrease 

atmosphere j within the limits of error 

Respiration (oxygen-up- | |40 decrease 

take) in Og atmosphere, > 54 experiments [ 1 increase 
without sugar J [l3 within the limits t>f error 

The number of yeast cells in these tests was very large, 
7 to 10 billion cells per cc. This is 10 to 100 times the maximal 
population which can develop in the medium used. Tin* 
mutual irradiation of the cells must play an important role in 
these experiments, and probably accounts for the depression of 
respiration. 

Gesenius tried further the intlueiu^e of radiation upon 
macerated yeast, free from (jells, i. e. upon zymase. Whilcj yeast 
radiation produced no effect, blood radiation decreased the 
fermentation in 28 out of 30 experiments, the average depression 
being 14%. The same retardation of respiration also could btj 
obtained with sea urcjhin eggs during the early stages of cell 
division. 

Gesenius (1930b) applied this test, after the improvement 
of the technique, to blood radiation and found that normal blood 
always radiated^). He observed further that from patients with 
most diseases, the blood radiated, and that the consistent ex- 
ceptions were only with cases of pernicious anemia, leucemia, 
carcinoma and severe sepsis (see fig. 40 p. 153). His results agree 
very well with those of L. Gurwitsch and Salkind and of 
SlEBERT. The role in cancer diagnosis of this loss of radiation will 
be discussed in Chapter VII. 


^) “Healthy blood never fails. If a failure occurs, it is time to test 
either the yeast or the apparatus.” (Gesenius, 1932.) 
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!) Morphological changes by biological radiation 

Quite different from the previously described manifestations 
is a decided morphological change in the irradiated organisms. 
The first observations of this kind were those by J. and M. Magrou 
(1928) who exposed the eggs of the sea urchin Paracentrotus 
lividus to radiation from bacteria, yeasts or other organisms, 
and even from chemical reactions. They obtained quite abnormal, 
more or less spherical larvae while the normal larvae possess a 
very characteristic conical form (see fig. 49 p. 165). Upon 
various criticisms, the greatest care was taken in later experiments 
(1931) to prevent any chemical iiifiuences. In each case, the 
effect was transmitted through quartz, but not through glass. 
Table 29 shows a summary of the results of these experiments, 
and the purely physical nature of the effect cannot possibly be 
doubted. 

While the Magrous originally explained this morphological 
change through mitogenetic rays, later experiments, together 
with Reiss (1931), offered another possible explanation. They 
found that though a layer of glass prevents the effect, two layers 
of glass with a coat of paraffine between them permit the effect 
to pass. From this and similar experiments, these authors conclude 
that they are dealing with an electric effect. The larvae become 
abnormal if the source of radiation is separated from the medium 
of the sea urchin eggs by a very good electric insulator, and if 
further the difference in oxidation-reduction potential between 
the two liquids is very great. When the electric insulation was 
prevented by a metallic connection, the larvae remain normal. 
This explanation is tentative. In their recent publications, 
the Magrous do not give it preference to the ultraviolet 
radiation theory. 

In 1929, Christiansen observed very strange morphological 
changes in yeasts and in bacteria brought about by menstrual 
blood. The effect passed through quartz coverslips, and must 
therefore be considered as the result of biological radiation. The 
yeast cells either became large and spherical, with enormously 
distended vacuoles ; or, they elongated and produced hyphae ; or, 
they did not grow at all, but died. 

During the last two years, the author and his associates 
have regularly observed similar morphological changes. 
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Tabic 29 

Magrou’s Results with Biolo^jical Irradiation of Sea Urchin 

Larvae 


No. of 


Larvae Separat- 

% of Experiments 

]xperiin('nts 

Sou ICC of Radiation 

ed from Source 
of Radiation by 

Showing Ab- 
normal Jjarvae 

7(3 

none 

glass 

0 


dead bacteria 

glass 

0 

7h 

7 lido }n n uas In m i e- 



; 


quartz 

75 

7 

same 

glass 

43 

39 

none 

glass 

0 

25 

StfipliijJocovrnH anrrns 

jpiartz 

75 

3 

1 

same, aj^^lutiuated 

(piartz 

0 

1(3 i 

none 

glass 

0 

12 1 

Sire ijfococrna lactis 

(juartz 

93 

2 

same 

glass 

0 

4 

f)aeteiia-fr(‘(‘ serum of 




Str(‘ 1 )t oc( KH‘UH eul tu i (“ 

quartz 

25 

7 

none, 

glass 

0 

5 

Saccharomyces and 

J)ebarvoniyc('S 

q uartz 

100 

30 

none 

glass 

0 

IS 

BnK'nrnLoT’s culture 




medium 

(juartz 

100 

6 

1 saim‘ 

1 

glass 

0 

fjl) 

1 

Tione 

glass 

0 

39 

glucose oxidized by 




fer ricyanide , i)ermaii - 
ganate or bichromate 

quartz 

78 

14 

same 

glass 

0 


S u m m a r y 


221 

none 


0 

lis 

\ . . / 

glass 

33 

9 

j microorganisms | 

quartz 

78 

54 

1 chemical reactions | 

quartz 

85 

20 

glass 

0 
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The effects in })(‘er and wine yeasts produced })V saliva, were 
(‘ssentially kh'iitieal with those observed by (-hristianskn. When 
irradiat('d by ])lants, howev(*r, lln* teiuhniey was not a shortc'ning 
but rather a Jcuigthening of the cells; this was so pronounced 
with sonic Myeodernias that their growth strongly resembled that 
of mold mycelium. llowev(‘r, we could ik'Vit obs(‘rv(‘ the trui^ 
branching of cells which ChmisTTANSEN has described. Of the 
various ])arts of jilants, tin* roots, young s(‘(‘ds, seedlings and 
])oll(‘n wi'H* th(‘ most (dlectivi^, whil(‘ leaves had littk* or no effect 
(see ffg. 48 p. 102, and (Jhapt<‘r \TI). 

g) Physico-rhcmical dot<M*loi‘s 

Liesegang Rings: It was recognized by Stem tell that a 
physico-chemical ddc'ctor would carry much mor(‘ weiglit than 
biological ones for th(‘ proof of mitogcuudic* radiation, lie obse^rved 
that the Liese(;an(j rings are disturlx'd by })iological radiation. 
Th(*se rings appear wIk'U, on a gelatin g(‘l containing certain 
salts, a drop of anoth(‘r solution is placed (*ausing a jirecipitatii 
with th(‘ salts in th(‘ gelatin. The ])r(‘cipitant diffuses gi’adually 
into the gelatin, and tlu‘ precipitate' is d(*})osit('d in concentric 
rings. 

Ah'thod: 2 cc. of chromate gelatin (I2g. gelatin, KiOce. water, 
0,41;. anunoniiiin bichromate, b(‘mg mixed, imnualiately l)(‘fbr(‘ use, with 
1 cc. wat(‘r 1 I drop of 3‘h, af|U(‘ons iiyrogallic acid) are ])oiiretl hot upon 
a clean glass plate S.i) finches. After solidification, 2 drops of a 20”',', 
AgNOg solutic)!! are jilaced on the center of the plat(‘ hy nifains of a fine 
])i])ette. Silver chromate is gradually precipitated in concentri(; rings wich 
siircad over the imtire plate in about 24 hours. The uniformity of these 
rings is disturbed by radiating material placed in (piartz tube's as closely 
as possible over the* gelatin surfact*. 

Stempell’s first exjierimcnts (1929) with onions were not 
iKicc'pted siiK^c it could be shown that the allyl-mustard oil of the 
onion caused a chemical disturbanci' of tlu' LiESE(jAi^(t rings. 
In later jiublications, however, Stempele cotdd jirove disturbanct^ 
of the rings when iliemical influences weri^ com])let(dy eliminated. 

Th(' situation is ratlnu* com])licat('d. Strong ultraviolet 
light from a quartz mermiry vapor lamp thrown through a narrow 
slit upon the gelatin intensifies the ring formation at the exjiosi'd 
])lac('s, while weak light, at the edge of tlu' slit, decreases it. Onion 
oil acts in the opposite way; a large dose of onion oil gas h'sseiis 
the ring formation whih' small doses intensify it. 
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Stempell (1932, p. 46) states that tla* (listnrhancc' of Ijksk- 
dANG rings is usually brought about by a eouibined fi(*tioii of 
radiation and chemical effect of a “gas”, i. e. a volatih^ substance 
produced by the sender. He considers this eheniical effect to be 
very important, biologically, and states that the Liesecjancs 
rings at present are the only detector for this substance, since 
none of the other detectors for mitogenetic radiation react to it. 

Since this book is meant to be limited to biological radiation, 
the interesting speculations of Stkmpell (1932, p. 46) regarding 



Figure 36. The effect upon Liesegang rings of onion base pulp in nictal 

tubes with a slit whose position is indicated by the black line 
left: effect through cellophane; right: effect through 0.5 mni of quartz. 

the possibk^ biological meaning of the chemical emanations will 
be omitted. 

Decomposition of Hydrogen Peroxide : Another, (piit(' different 
detector, has been found by Stempbll (1932, p. 55). It is based 
on the deterioration of HgOg into HgO + O, under the influence 
of ultraviolet radiation. One onion root, or a bundle of sevel’al 
roots, is fixed so as to touch the underside of a thin quartz plate. 
On the opposite side of the quartz plate is placed a drop of HgOg, 
just over the root tips. After long exposure in a moist chamber, 
the peroxide concentration in this drop is ll^ss than that of the 
control. 

Flocculation of Colloidal Solutions: A promising 
method has been worked out by Heinemann (1934, 1935) who 
observed that inorganic sols flocculate more readily when exposed 
to mitogenetic rays. Gold sol was found to be more satisfactory 
than iron hydroxides. The gold sol was prepared in the following 
way: To 1000 cc. of a slightly alkaline solution of 0.8% glucose. 
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150 cc. of a neutralized solution of 0.1 g. AuClg are added. Upon 
heating, the gold salt is reduced by the glucose to a bright-red, 
clear gold sol. A small amount of Na(d solution is added just 
before the beginning of the experiment to make the gold sol 
unstable. This is done in complete darkness. 

The solution is then distributed between two beakers, and 
each is covered with a quartz dish. They are placc'd into a very 
sensitive photoek'ctric differential nephelometer, and the supj^os- 
edly radiant substance is placed into one of the ‘quartz dishes. 
Tile difference' in turbidity betwt'cn tlu^ two beakers is read every 
minute, by means of a galvanometer. Radiation causes a more 
rapid flociculation, and therefore a e^hange^ of the galvanomett'r 
reading whiles in the absence of radiation, the readings rcmiain 
fairly uniform. The following readings were obtained in 15 con- 
secutive minutes, tlu' arrow indicating the moment when the 
radiating material was applied to tlu^ quartz dish: 

control: 0 0 0 0 0 0 i 1.5 1.5 1 2 2 2 2 2 

blood: ()'|2 2 5 7 7 8 10 11 IG 20 19 19 25 2G 

control: 0 0 0 0 0 0 1 1.5 1.5 2 2 2 2.5 3 3 

NaCl, dissolving: 0 2 0 1 I 0^5 10 10 11 11 15 21 

h) Measiimiient by physical instriiiiionts 

It may be surprising that radiation by organisms has not 
been rt'cogniz(*d and proved conclusively long befon^ tins. The 
reason must be sought in its very weak intensity. Tin* inten- 
sity is so slight that the most sensitive photographic plat(*s and 
th(' most (daborate physical instruments have in most cases 
failed to record this radiation. TIk^ best di'tector is still tln^ living 
organism. This is unsatisfactory since we must allow for con- 
siderable individual variation of the detector organisms, and as 
a rule, tlu^ measurements are not as accurate as with physical ('x- 
periments. 

Th(' only photographic records are the oik's reproduced in 
fig. 15 of Reiter and Uaboh’s monograph, and those by Brf- 
NETTi and Maxta (1930) and by Pbotti (1930). None of them are 
absolutely convincing, and GtUKWITSijh has refused them all as 
proofs of the physical nature of mitogenetic radiation. Tayloii 
and Harvey (1932) could obtain no effect by exposing plates to 
frequently renewed fermenting yt'ast for ninety days. 
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Table 30. Measurements of Mitogenetic Radiation by Means of 
the Geigek Counter 


Experiments of Rajewsky 


Radiator 

Time 

interval 

Impacts per interval 
Control 1 Exposed 

Onion root .... 

5 minutes 

42.0 ±1.0 

51.0±7.0 

Onion base pulj) . . 

10 minutes 

42.2 ±1.2 

50.0±1.5 

Onion base pulp . . 

10 minutes 

39.8J 0.3 

49.3 ±2.2 

Carcinoma of mouse 

10 minutes 

23.4 [ 0.0 

30.3 J:0.5 

Onion root .... 

9 minutes 

33.3 ±1.4 

30.7 j 0.5 


Experiments by Frank and Rodinow 


Frog muscle . . . 

0 minutes 

12 1 1.3 

40.1 2.0 

Frog muscle . . . 

8 minutes 

12 J 1.3 

20J.1.7 

Frog heart .... 

11 minutes 

19.L1.1 

23d 1.2 

Frog heart .... 

5 muuites 

34J:2.4 

46 J 2.8 

Muscle pulp .... 

4 minutes 

13±1.S 

20 J 2.2 


In 1929, Rajewsky succeeded in obtaining direct ])}iysical 
proof of tliis radiation by means of a photo -electric counter (see 
p. 28). His data with onion roots and carcinoma are shown in 
Table 30. These experiments were repeated successfully by 
Frank and RoDioisrow (1930) with working muscle (see Tables 30 
and Fig. 21, p. 29). Later experiments of this nature' artj those 
by Barth (1934) and Siebert and Seffert (1934). 

However, these results have not Iw'en acetepted generally, 
at l<*ast not by physicists. Lohentz (1933, 1934) coidd show tliat 
bringing the Tadiating material near the (counter, or opening a 
shutter between the counter and source, may definitely change 
th(^ counting rate even if there is no radiation ])resent. To cnumcT- 
ate : (1) If the biological material is not in a closed quartz containc'r, 
the water vapor from the material, even though slight, will con- 
dense upon the quartz of the counter, changing its resistance) 
and thus altering the counting rate. Some experimenters have 
even placed their moist material directly upon the quartz window 
which will certainly change the counting rate. (2) If the water 
vapor is carefully kept away from the counter, the charges which 
are inevitably present on the outside of the quartz tube containing 
the biological material are almost sure to change the counting 
rate. (3) In one case, at least, muscle was tetanized by means of 
an induction coil directly in front of the window. 
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Table 30a. Photo-electric yields obtained for ultraviolet light 


Authors 

Photoelectric 

material 

Yield in quanta 
per electron 

wavelength 

A 

Rajewsky, 1934 . . 

Cd 

about 1 X 10* 

2660 

SCHREIBER, 1930. . 

K 

„ 2x10* 

2540 

Grey and Ouellet, 
1933 

Pt 

„ 6X10“ 

2540 

Frank and Romo- 1 
NOW, 1932 . . . 

Cd, A1 

„ 2x10“ 

2540 

Lorenz 1933 . . . 

Cd 

„ 3x10“ 

2540 

Kreuchen, 1934 . 

Cd, Al, Zn 

„ 2—6x10“ 

2540 , 


To separate the effect of extremely low intensity from these 
other effects is very difficult even when their existence is realized. 
In none of the physical measurements of mitogenetic rays is it 
absolutely certain that these errors have been excluded, and it 
secerns well to view with caution the positive results claimed for 
the physical detection experiments so far carried out. 

A more careful description of the method of exposure, and 
a number of experiments with water blanks or non-radiant or- 
ganic materials will be necessary to produce evidence which is 
physically irreproachable. The experiments of Siebbbt and 
Seffert (1934) who obtained increased counts with several 
hundred normal blood samples, but no increase with blood from 
(*arcinoma patients, are a step in that direction. Most convincing 
is the experiment that a counter gave a definite increase when 
exposed to normal blood, but showed no increase when this was 
removed and replaced by blood f- KCN. Many more extended 
exj)eriments of this general nature will be necessary to establish 
finally the radiant nature of the biological effects. 

In a recent paper, Kbeijchen and Bateman (1934) reviewed 
the field of physical detection and present thtur results in a table 
(see Table 30a) which gives the photoelectric yield (see p. 29) 
of the surfaces used by the various investigators. In all cases 
except the first, more than 2000 (juanta arc required to eject 
one electron. Though some early workers indicated higher sensi- 
tivities, it seems from later work that this value has never been sur- 
passed if, in fact, it ever was reached. In his latest paper, Kreuohen 
(1935) obtained yields of from 10® to 10^ quanta per electron from 
hydrogen-activated zinc and cadmium surfaces. 
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It would be of great advantage if some surface having a 
higher efficiency for the ultraviolet could be obtained. Pre- 
liminary experiments by one of the authors using magnesium 
surfaces sensitized by oxygen seem to offer encouraging results. 

Rajbwsky estimated from Ijis experiments the intensity 
of this radiation, and found it for onion roots and for carcinoma 
tissue to be of the magnitude of 10“^® to 10“® erg/cm ^/sec. (10 to 
100 quanta/cm 2/sec. for the wave length 2300 A). Frank and 
Rodinow observed higher values; they obtained with pulj) from 
miisel(‘, with the working frog muscle and heart, values up to 
2000 quanta/cm^/sec. 

For the reproduction of the various mitogenetic phenomena 
with physical sources of light, much larger intensities ar(^ requireil 
(about 6.6x10® quanta, according to Stempbll, 1932). 

i) Unaccounted failures in proving radiation 

It must be stated with perfect frankness that biological 
detectors sometimes fail for unknown reasons. Probably all 
investigators working with biological detectors have been worried 
by such failures. Some of them hav(^ published short nmiarks. 
Goushewa (1933) mentions that out of 373 experiments with 
blood radiation, in Gukwitsch’s laboratory, 54 failed on account of 
a poor quality of the yeast culture which was used as detector. This 
cause became evident through the fact that all other associates 
using the same culture on the same day obtained negative results. 
No reason for the abnormality of thr^ yeast culture is mentioiUHl. 

Wolff and Ras (1933 c) working with StaphylocotHii had 
a similar expt^rieiice. Twice it happened that all the experiments 
of one day proved to be negative though tlu' (uilturo had r(‘a(;tcd 
promptly on the previous day. It was found that the sensitivity 
of the culture had changed, and that a longer ex])osur(i was 
necessary. These authors belie V(* that a change in the op])osit(‘ 
direction may also take place. Acs (1932) (daims to have* in- 
creased sensitivity by selection. 

Most of the sudden failures of eidtures to react have*, not becji 
published, but by discjussing this point with the various investi- 
gators in this field, practically all seem to have had the same ex- 
perience. Professor Gukwitsch has told the author that in his 
experience such a condition usually remained for several days, or 
even for a number of weeks, and it was impossible to produce even 
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the simplest mitogenetic effect. Eventually the culture reacted 
normally again. Doctor Heinemann, after a very successful 
diagnosis of cancer by the absence of blood radiation (see p. 181) 
in Frankfurt and in London, with yeast as detector, suddenly 
experienced a complete la(!k of reaction, and none of the various 
attempts to obtain normal reactions proved successful, not even 
the testing of a large number of different yeast cultures. This 
failure induced him to look for physico-chemical methods of detec- 
tion (see p. 89). Professor Werner Siebert’s mkny succesful 
experiments with a yeast detector have been mentioned in practi- 
cally every cliajitc^r of this book. But with him, too, the yeast 
suddenly ceased to react, and he resorted to the Gekjer electron 
counter as a more d(‘,pendablo detc'ctor (see p. 92). Tlu^ author 
himself has also had long 2 )eriods of negative results in his labora- 
tory, and they come and go at irregular intervals. 

As a rule, the inv(^stigators do not discuss these periods of 
failure because there is still considerable doubt among physicists 
and some luologists concerning th<^ existence of the mitogenetic 
phenomena, and the emphasis of such j)eriodical failures might 
increase this doubt. 

While this (^an not be denied, it does not seem wise to behttle 
this experience. On the contrary, by (jailing att(uition to it, it 
may help to explain the clause of these failures, and then^by may 
bring about a better und(‘rstanding of mitogenetic effects. Whcthc'.r 
it is due to disturbaiicc by short radio wav(‘S (suggestion by 
OuRWiTScni), to a change (ff semsitivity of the dctcKJtor culture 
(WoLEE and Has), to a retarding effect by human radiation 
(Rahn), to climatic changes or some other cause, is not known. 
The cause of this disturbance might be mcu’c readily traced and 
overcome by the cooperation of various laboratories. At the 
present, we do not know whether the culture, the experimenter 
or the environ mental laboratory conditions have changed, in 
fact, it is only an assumption that the change has influenced the 
detector. If the cause should prove to be of such general nature 
as e. g., weather, cosmic rays, terrestrial magnetism, sunspots, it 
might be that the senders do not function under the prevailing 
condition. 

These occasional failures have nothing to do with the error 
of the method. When mitogenetic effects are observed, they are 
outside the limits of error. The failures might be compared to 
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the experience of expert florists that sometimes, certain plants 
refuse to bloom in the greenhouse. This was not caused by poor 
seed nor wrong soil, but remained unexplaiiK'd for a long time 
until it was found that the number of hours of light per day 
decided this. 

The consistent observation of this disturbance by most (if 
not all) investigators who have obtained large series of positive 
results, points out a common error in some crititusms. It has been 
claimed that many simultaneous parallel experiments prove mor(» 
than similar experiments spread over a long(*r period of time. 
E. g. Kbeuchen and Batemann (1934) state that one series of 
theirs is ecpiivalent to 140 single experiments by GirawiTSCH. 
That is a mistake. As long as it is not known why the occasional 
failures occur, no gr(‘at stress can be laid upon the results obtained 
on any one day. it might be a day where the detector fails, and 
the multiplication of expcrimcuits on such days would only rov(‘al 
the error of the method as such, but would not increase the proof 
or disproof of biological radiation. 


B. INJURIOUS HUMAN RADIATION 

It is an old “superstition” that a harmful emanation comes 
from the body or the hands of menstruating women. It is b(4i(5V(‘d 
that bread dough kneaded by them will not rise, that food presei’- 
ved by them will not keep, that flowers in thtur hands wilt readily. 
Experiments to prove this have been successful with some in- 
vestigators (Schick, 1920; Macht and Lubin, 1927 ; Bohmek, 1927) 
and gave no results with others (Sanger, 1921; Frank, 1921; 
PoLANo and Dietl, 1924). Still, the belief in this effect seems to 
have been rather prevalent among medical men, and the term 
“menotoxin” for the hypothetical eomjX)und causing it is in 
general use. 

Christiansen, as bacteriologist of a dairy laboratory in 
Germany, observed that the pime cultures used for dairy starters 
occasionally developed poorly and abnormally. After eliminating 
all other causes, it was ultimately found that this abnormality 
occurred during the menstrual period of the woman technician 
in charge of the cultures. 

A detailed investigation by Christiansen (1929) led to the 
discovery that the effect from menstrual blood passed through 
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quartz, and must, therefore, be considered a radiation. Aside 
from this proof, Christiansen did not go into the nature of the 
effect. He worked with menstrual blood and saliva, but not with 
radiations from the body. 

The blood produced cither abnormal morphological changes 
in yeasts and bacteria, or killed them. The effect was much 
stronger in summer than in winter, and since one woman who had 
been treated with ultraviolet light in winter, continued to show 
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Figure 37. Alternation of growth and no growth of yeasi. in droplet 
cultures transferred by the same person, 
signs indicate growth, o signs in black bars indicate no growth. 


strong radiation, ho thought it V(^ry probable that the seasonal 
difference was brought about by the variation in solar irradiation. 
Ho called attention to the fact that the above-mentioned investig- 
ators obtaining positive results had made their experiments in 
summer, while the negative ones had been obtained in winter. 
Further, he showed that wine made with a pure culture yeast by 
a menstruating woman fermented feebly, while the control 
showed a vigorous normal fermentation. 

Ferguson (1932) during an investigation of morphological 
changes in yeast by plant radiation, observed occasionally that 
for short periods, covcrglass cultures of one yeast did not grow 
when made by one certain woman student. The periods of no 
growth alternated with those of growth through summer and 
fall, while in winter, the controls nearly always grew normally 
(fig. 37). The droplet culture on the coverglass requires that the 
coverglass be held in the fingers while the droplets are made with 
a pen dipped into the yeast suspension. 
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The above-mentioned experiments of Chkistianskn made it 
probable that this failure was due to human radiation, and some 
experiments proved that an emanation from the fingertips of 
this person killed yeast in 5 minutes while others making the sami' 
test with the same culture produced no marked effects. In this 
experiment, the fingertip was held closely over the yeast by the 
support of a glass ring (fig. 38). In another experiment, a quartz 
})late of 2 mm. thickness was placed between finger and yeast 
(fig. 38) ; by this method, it re- 
quired 15 minutes to kill the 
yeast. This student menstruat- 
ed rarely and irregularly, and 
the eas(^ suggests an abnormal 
parallel to Christians kn’s obser- 
vations. 

This test has been applied 
to a numb(‘r of ])eople, and it 
was found that this radiation 
oc(nirs only V(‘ry rareiy. It was 
most pronounced with a n)an 
who had recently n* covered from 
herpes zoster of the face ; for 
about fi months after recovery, 
he frequently killed yeast through quartz in 15 minutes, but this 
was not always the case. During this time, he did not feel quite 
well. After a summer vacation, ho felt perfec^tly normal, and 
his power of radiation was gone. With this j)erson, radiation 
also o(!eurred from the tip of the nose and from the region of 
the eye.^) 

A third case was a hypo-thyroid patient tested only onci‘. 

A fourth case was one of the authors, during 3 successive 
days of sinus infection. Never before or aft(*rwards did this person 
show any effect upon the yeast. 


^) This has been interpreted by imaginative but uncritical newHpaiXir 
reporters as a scientific proof of the “Evil Eye”, regardless of the fact that 
this radiation does not reach further than a few inchi‘s, and that only one 
especially sensitive species of yeast could be killed in this way; the authors 
are in no way responsible for this kind of publicity, but have not been able 
to prevent it. 



Methods of testing fing(*r 
radiation. 


Frotoplasma-Monographien IX: Rahn 
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The experiments were always made with droplet cultures 
through quartz, as shown in fig. 38. In all more recent work, 
the droplets were prepared by the same person who had been 
found over a 2-year period never to radiate. 

The only organism which reacted upon this radiation was 
SaccJmromyces mycoderma punctisporus Guilliermond, isolated 
from the scum of a fruit juice. This yeast does not cause fermen- 
tation. Other yeasts showed slight retardation, but never was 
complete killing observed. 

This radiation is quite likely due to a skin excretion, as will 
be shown later (p. 185). 

Another killing effect was frequently observed with saliva. 
The saliva of many persons changes the oval or eUiptical, granu- 
lated cells of beer and wine yeasts to spherical cells of increased 
size, with greatly distended vacuoles and homogeneous cell con- 
tents. Often, the organisms either do not grow at all, or cease to 
do so after a few cell divisions. 

It is not certain, however, that the effect is one of radiation. 
It was observed in droplet cultures which were mounted imnu*- 
diately above the saliva; this did not exclude a chemical effect. 
When saliva was mixed with the raisin extract in which the yeast 
was cultivated, it produced no abnormal cells, not even with half 
saliva and half raisin extract. This seems to exclude any chemical 
effect. On the other hand, the typical saliva reaction could not 
be produced through quartz; with yeast on one side and saliva 
on the other, only partial effects could be obtained, such as absence 
of granulation, or tendency to become spherical. The pictures 
were nev(^r convincing, and it must be left to a later investigation 
to solve this problem. 

This harmful effect is not typical for all saliva. It is typical 
for the individual, and pratically independent of the diet. An 
investigation of the saliva reactions of several members of a 
family showed the above-mentioned injurious effect with male 
members of the family, and one female member. Two other 
females stimulated yeast growth, produced elongated forms, and, 
with Sacckaromyces mycoderma punctisporus, a manner of growth 
strikingly resembling mycelium. 
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C. NECROBIOTIC RAYS 

Lbpeschkin had observed (1932 a) that the stability of living 
matter (plant cells, erythrocytes) is increased by irradiation with 
weak ultraviolet Mght, while strong intensities made cells less 
stable. The two effects are independent of each other. Ho con- 
cludes (1932 b) that weak intensities of ultraviolet must help in 
the synthesis of cell constituents, and that vice versa, when cell 
(ionstituents break down, the energy absorbed during synthesis 
must be released again, emitted, partly at least, as ultraviolet 
radiation. 

The experimental proof is givcm in considerable detail in a 
later paper (1933). The test organism was nearly always yeast, 
though parallel experiments were made also with leaves of Klodea, 
with petals of flowers, e. g. of PajMver, and with suspensions of 
Bacillus subtilis. When silver nitrate was added to a living yeast 
suspension in the dark room, the yeast died within 12 minutes, 
and the suspension was gray. When the yeast had been killed 
by eth(‘r or by heat before the silver salt was added, the suspension 
remained white, but turned gray upon exposure* to light. TIk^ 
gray (.‘olor of the silverprotein prec^ipitate with living yeast was 
supposed to bo brought about by ultraviolet rays emitted by the 
dying ec^lls. A similar difference could be observed whim yeast 
was suspended in a mixture of solutions of KBr and AgNOs- 
Living yeast with ether caused a dark discoloration, but when the 
yeast had been killed by ether before the AgBr mixture was add(*d, 
the mixture remained light-colored. 

8incc these experiments did not exclude chemical effects, 
AgBr suspensions in small quartz tubes were inserted into tubes 
with dead yeast, and also into those with living yeast plus ether. 
After exposure with continuous shaking in the dark room, the 
AgBr suspensions were removed and mixed witli a photographic 
developer. In all experiments, the suspension exposed to dying 
cells proved to have received some radiation. 

Then, very sensitive photographic plates (I^astman Speed- 
way) cut in small strips, were submerged directly into the yeast 
suspension. Part of the plate was covered with filter paper which 
excluded physical, but not chemical effects by soluble substances. 
After 10 to 25 minutes exposure to yeast previously killed by 
ether, the plates upon development remained light. With living 
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yeast, they were also light. However, when ether was added to 
the living yeast, the dying cells affected the plates so that during 
developing they turned dark, except for the little strip shaded 
by the filter paper. This proved to Lbpeschkin’s satisfaction 
that the effect was physical and not chemical. 

From the absorption of these rays by glass and by gelatin, 
LiSPESCHKiN estimates their wave length to be largely between 
1800 and 2300 A, with a very weak emission of greater wave 
lengths. This agrees fairly well with the range of mitogenetic 
rays. From the above experiments, it seems as if the necrobiotie 
rays were stronger than those from actively fermenting yjeast 
cells. Lepesciikin could obtain an indication of an effect upon 
AgBr suspensions if he used living beer yeast instead of baker’s 
yeast, and added 10% sugar. However, though there was a slight 
effect from the fermentation upon the AgBr, the effect from 
the same mixture with ether i. e. with dying cells was much 
stronger. 

Lepesohkin then ventures further to state that many of the 
mitogenetic phenomena are in reality due to necrobiotie rays. 
He emphasizes the radiation of necrobiotie processes e. g. auto- 
lysis and of wounds as proof for his contention. Evidently, Le- 
PESCHKiN was not familiar with the latest literature on this subject. 
In the case of wounds, it is not the injured cells which radiate, 
but the uninjured cells next to the wound. The radiation spectra 
of the various chemical processes are ample proof that dying (;ells 
are not necessary for the production of mitogenetic rays. Le- 
PEScHKi^f apparently feels this; he believes it possible that 
“necrobiotie rays” might also be emitted from a decomposition 
of vital compounds in living cells which might be imagincabh* 
during very rapid physiological i)rocesses. Hci mentions respira- 
tion as a possibility. However, it would be necessary to consider 
almost all exothermic reactions as necrobiotie pro(H'sses in order 
to combine the two types of radiation. 

SucHow and Suchowa (1934) have perhaps found the link 
between Lepeschkin’s and Gurwitsch’s explanation. They 
conceived the idea that the “necrobiotie rays” were emitted from 
the coagulation of proteins, and they tested it by coagulating egg 
white by alcohol in quartz or glass vessels which were placed over 
AgBr-suspensions as in Lepeschkin’s experiments. The experi- 
ment was carried out in the dark, and after exposure, the two 
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suspensions were brought into light. In 25 experiments, the 
suspension which stood under the quartz vessel uniformly darkened 
sooner than the other. 

D. INFRA-RED RADIATION 

It might appear rather probable that some organisms would 
emit infra-red rays since some are capable of producing visible 
and ultraviolet rays. The only case of near infra-red emanation 
known to the authors is, however, a series of observations by 
Stbmpell (1931) that sprouting peas will increase distinctly the 
rate of spontaneous decomposition of a saturated solution of 
H 2 O. 2 . The effect passed through glass, and was not visible, it 
must therefore be of an infra-red nature. The temperature of 
the peas rose 0.5® by their own respiration, but an artificial 
increase of 5.5® was necessary to bring th(^ ratt' of peroxide de- 
composition to that produced by peas. 

Equally rare are observations of an effect of infra-red rays 
u]>on living organisms. The only one known to the authors is an 
experiment by Nelson and Bkooks (1933). They expos(‘d the 
unfertilized eggs of 2 sea urchin species and of one worm to infra- 
red rays of 8000 to 12 000 A, obtained from a Mazda lamp by 
nutans of a monochromator. After 15 to 45 minutes exposure, 
the eggs were fertihzed by the usual method. The irradiated eggs 
showed, in each of the 9 experiments a distinct decrease in the 
percentage fertilization. The decrease varied between 18.5% and 
87.1%. The temperature difference between control and exposed 
eggs was not more than 0.06® C. The authors believe therefore 
that the reduced fertilization is caused by a photochemical effect. 

E. BETA-RADIATION 

An entirely different type of radiation should be mentioned 
only in passing, namely the beta -radiation of potassium. Though 
it has been proved experimentally, and is of importance to life 
processes, it will not be discussed extensively here because this 
type of radiation is utterly unlike the mitogenetic and related 
rays. It originates from the radioactive fraction of potassium, and 
is really not characteristic of the Uving cell, but of its potassium 
content. The intensity of this radiation is the same whether the 
cell is alive or dead. 
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Nevertheless, this radiation is biologically important, and 
may be the chief reason for the indispensibility of potassium in 
living organisms. Zwaardemakbr (1921) was the first to test 
experimentally the physiological importance of potassium radia- 
tion. He succeeded (1926) in keeping isolated frog hearts boating 
by substituting the potassium of Ringer's solution by radioactive 
equivalents, rubidium, uranium, thorium, radium or ionium. In 
34 experiments, he could show that frog hearts which had ceased 
to beat in Ringer’s solution minus potassium, started again in 
the same solution after about half an hour’s irradiation by 
mesothorium (in glass) or radium (through mica). After removal 
of the radioactive substance, heart beat soon ceased again and 
could frequently be brought back a third time by new exposure 
to beta rays. 

Scott (1931) determined the total energy from potassium 
of the average human heart to be 9.64 x 10"® ergs per second. He 
states that ‘'one may readily conceive that the free energy of the 
beta particles can be cumulative and, reaching a maximum, 
transform the potential energy of the heart muscle in response 
to node and bundle impulses into the enormously greater mani- 
festation of kinetic energy, the systolic contraction”. 



CHAPTEE V 

SPECIAL PROPERTIES OF MITOGENETIC 
RADIATION 


The pre(‘eding chapter has revealed that the socalled mit ogen- 
etic radiation is a real radiation according to tho strict physical 
definition of the word. It travels through space rectilinearly; it 
can be reflected (pp. 69 and 80) ; it can be absorbed (]>. 69) ; it 
shows refraction and dispersion (p. 36). 

The present chapter describes some peculiar properties of 
mitogenetic rays which are not common to all types of radiations. 

A. INTERMITTENT IRRADIATION 

^\Ty (‘-arly in the history of mitogenetic radiation, it was 
discovered that tho effect could he intensified by irradiating 
intermittently instead of continuously. The customary method 
for this purpose is the insertion, between sender and detector, of a 
rotating disk which contains one or several openings or windows. 
The width of these, their number, and the rate of rotation of tho 
disk allow one to vary the three items concerned in intermittent 
processes, i. e., the frequemiy of exposures, the duration of each, 
and the total time of actual irradiation. 

The most striking result with intermittent irradiation is the 
much shorter total time of exposure necessary to bring about 
distinct mitogenetic effects. OrmwiTSCH (1932) determined the 
threshold value in mutual yeast irradiation by means of disks 
rotating at approximately 3000 revolutions per minute. The 
disks contained one or several windows of varying width. The 
width of the window is measured by the central angle (fig. 39). 
From this angle and from the number of revolutions, the duration 
of each interval and the frequency of interruption can be calculated. 
Table 31 gives the results obtained. It indicates that the minimal 



Table 31 

Influence of Frequency of Interruptions and of Duration of Individual Exposures upon the Threshold 
Value of the Detector Yeast as Sender and Detector (Baron Method) 

With continuous irradiation, 6 — 8 minutes exposure was required for a mitogenetic effect 
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) The disks in these experiments were rumiing only half speed. 
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actual exposure must be more than 10 seconds, 12.5 to 13 seconds 
being sufficient. When the same experiment was tried wdth 
uninterrupted irradiation, it required 6 to 8 minutes to produce 
a distinct effect. The rhythmic interruption of radiation had 
decreased the threshold time to about l/30th of the amount 
required with continuous exposure. 

The frequency of interruption has some bearing upon the 
threshold value. When the frequency is between 800 and 100 
per second, 13 seconds are sufficient for induction. However, 


Figure 39. 

Rotating disk for in- 
termittent radiation, 
at right: side view 
showing the position 
of the two agar 
blocks with the yeast 
sides facing each 
other, for intermit- 
tent muto-indiiction. 



when it falls to 50 per second, 15 and 10 seconds of total exposure 
are usually insufficuent, and 30 .seconds are necsessary to show a 
mitogenetic effect. This is to be expec.tt^d, since it signifies an 
approach to continuous irradiation. Zocjlina (quoted from 
Gukwitsch 1932, p. 256) repeated the same experiments with a 
half-disk rotating at lOr.p.m. This meajit uniform intervals of 
exposure and irradiation of ^/ 2 oth second each. The following per- 
centages in increase of buds were obtained with a total exposure 
time of 

60 seconds: — 7 — 15 0 — 6 +4 

60 „ +28 H-56 +64 +28 +36 

The increase in efficiency of a y)hotochemicaI reaction by 
intermittent irradiation has its analogy in the incrt‘ase of photo- 
synthesis of green plants by intermittent exposure. Warburg 
(1919) measured the amount of COg absorbed by an alga, Chlo- 
RELLA, during 15 minutes of actual exposure, either continuously 
or discontinuously. A rotating disk was used which was in principle 
like that of fig. 39, but the times for light and dark were made 
equal. The results are given in Table 32. An increase up to 


Table 32 

CO 2 - assimilation by an alga, with continuous or intermittent exposure to light 
(exposure was either 15 minutes continuously or 30 minutes discontinuously, • 
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practically the double amount was observed with strong light, 
but no difference with weak intensities^). 

Warburu considers two possible explanations: cither assi- 
milation continues for some time after darkening (c. g. through 
some short storage of energy) ; or, assimilation is more rapid at 
the first moments of exj)osure because more substances have 
accumulated ready for jdiotosynthesis while later, their concen- 
tration is only comparatively small. His intention to investigate 
in more detail the latter, more probable case seems never to have 
materialised. 

It is not at aU certain that this observation is reaUy anal- 
ogous to the increase of the mitogenetic effect. Warburg could 
double the amount of photosynthesis by distributing the same 
total radiant energy over twice as long a period. Gurwitsch, 
however, found a 30-fold increase in the threshold value while 
the greatest difference betw(^en light and dark periods was only 
1:0. Besides, there seems to be no difference between strong and 
weak intensities. On the other hand, we cannot be certain that 
these threshold times are reliable measures of intensity of radiation 
(see p. 114). 

The greatly intensified suscej)tibility of the living detectors 
by rhythmic discontinuity of radiation shows that by this method, 
radiations can be detected which otherwise produce no effect 
whatever when applied continuously. This holds true not only 
with very weak senders, but also with V(*ry strong sources which 
produce cither no effects or depressions (se(^ p. 115). The greater 
susceptibility also permits transmission over kmger distances. 
While mutual induction of yeast has its limits at 3 — -4 cm. with 
<ontinuous (exposure, very good results can be obtained over 
15 cm. with intermittent irradiation (Gurwitsch 1932, p. 200). 
These facts differ greatly from Warburg's observations with 
algae, where weak intensities of radiation could not be indu(5('d 
to produce stronger photosynthesis by intermittent exposure* 
(Table 32). 

A rhythmical interruption of the radiation seems to be essential 
for mitogenetic induction. Parallel experiments were made* with 


') After the manuscript was finished, a paper by Emekson and Arnold 
(1932) came to our notice. They were able to increase photosynthesis 400% 
by intermittent irradiation whereas Wakburg (1919) could only double it. 



108 


CHAPTER V 


two disks rotating at the same speed, both with a total win<low 
width of 75®. In one disk, the 75® were distributed uniformly; 
the other disk contained openings, varying in size from 2.5® 
to 30®, in irregular distribution. Only with the regular spacing 
were positive results obtained (Gubwitsch 1932, p. 261). This, 
could hardly be accounted for by any of the two explanations 
of Warburg’s. 

B. INFLUENCE OP DIFFUSED DAYLIGHT 

Many of the common “senders” of mitogenetic radiation 
affect other organisms only when in daylight. Diffused light is 
entirely sufficient. This has been observed for onion roots cut 
off from the onion bulb, and for the pulp of the onion base, as well 
as for the pulp of a jiumber of plant tissues. In 1930, Potozkv 
gave several series of experiments showing that the same holds 
true also for yeast. The experiments w^ere made by the Baron 
technique, m(*asuring the percentage increase of buds on yeast 
grown on agar blocks. All experiments were made by muto- 
ind\H;tion of yeast, i. e. by exposing yeast to yeast. 


Table 33. Influence of Daylight upon the Yeast as Sender and as 
Detector of Mitogenetic Effects Obtained by Muto-Tndnetion 


Sender : 

. 

Dark Yeast 

Daylight Yeast 

Dark 

Yeast 

Daylight Yeast 

Detector : 

Dark Yeast 

Dark Yeast 

Daylight Y(‘ast 

Daylight Yeast 

exposed in | 

daylight 

dark 

daylight 

dark 

daylight 

dark 

daylight | 

dark 

1 

Percentage ' 

0.7 

16.0 

21 

—8.0 

0 

--4.5 

35 1 

9 

Increase 

5.4 

3.3 

22 

— 8.6 

3.2 

—1.8 

30 1 

--8 

in Buds 

5.5 

4.3 

20 

—2.9 

3.1 

—3.6 

30 

-9 


—11.0 

2.2 

23 

—3.9 

1.0 

— J.8 

25 

1.8 


2.1 


30 


11.0 


24 

—15 


1.8 


30 


9.4 


29 

6.3 


3.3 






20 

9 


2.3 






22 

7 

Average . . ! 

1 +1.4 ' 

+ 6.5 

24.0 I 

—5.9 

+4.6 

—2.9 

27.0 1 

+0.2 


Thi*ee factors were varied: the sender yeast, the detector 
yeast, and the light during exposure. Yeast grown in the dark 
had no effect upon yeast, wliether grown in the light or the dark, 
and whether tested in light or dark. Yeast grown in daylight 
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showed distinct radiation and mitogenetic effect upon the detector 
yeastj regardless of whether this had been grown in light or dark, 
but only when the exposure was made in daylight. This accounts 
probably for a number of negative results by some experimenters. 

Yeast grown in the dark regained the property of radiation 
after remaining in daylight for about two hours. 

Fkank and Rodionow have shown, by means of a Geiger 
counter, that light affects greatly radiation from some chemical 
oxidations, as o. g. KgCr^O^ + FeS 04 (p. 34). 


C. SECONDARY RADIATION 

The original experiments by Gurwttsch liad sliown that only 
tlie meristem, i. e. the growing tissue ncai* the tips of onion roots 
radiated while the older parts of tlu^ root, where the (iells had 
cea.s<^d to multiply, were inactive. Even the root tips radiated 
only when connected with the bulb, or at least with part of it. 
They lost their radiation completely when severed from the bulb. 

In search for an ex])lanation, Gurwitsch discovered that a 
root, after being cut from the bulb, will cmiit a radiation when 
it is exposed to ultraviolet light. This “secondary” radiation of 
the root ceases when the “primary” radiation does. It schemed 
quite impossible that the original rays as such could hav(‘. been 
transmitted through the root by reflection without having been 
absorbed completely. A chemical effect could hardly be passed 
along so rapidly. There was only one alternative left : the radiation 
from the outside induced the exposed cells to produce some 
radiation of their own ; these “secondary rays” again induced the 
neighboring c(dls to radiate, and so the effect was passed along 
the root without losing in intensity. 

This explanation was proved by many variations of the 
original experiment. For some time, it was believed to be a 
j)henomenon characteristic of the living cells only, until in 1932, 
A. and L. Gurwitsch found it to occur also in nucleic acid solut- 
ions, and Wolff and Ras (1933, 1934) proved it to be primarily 
a photochemical phenomenon. 

Many illuminating details have been worked out by Potozky 
and Zoo LINA (1928), Alexander, Anna and Lydia Gurwitsch 
and others. Secondary radiation was observed in muscle, iji liver, 
in nerves, in suspensions of yeast, of bacteria, of protozoa. In 
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all these eases, secondary radiation seemed to be glycolytic. The 
fact that livers from starving animals which are free from glycogen, 
did not radiate, supports this view. However, this cannot be 
generalized because the secondary radiation from nucleic acid 
is not glycolytic. 

By this mechanism, primary radiations can be spread anil 
transmitted to distant parts of the plant or animal body. It will 
be shown later that the tips of onion roots are only secondary 
senders; the primary rays are produced in the onion bulb, hy 
oxidation. 

This spreading of the mitogenetic effect can be jDlainly sligwii 
with densely grown agar surface cultures of yeast. Guhwitsch 
irradiated such a culture through a slit 0.1 ram. wide. When the 
percentage of buds was counted, there was a distinct increase 
not only in the irradiated region, but as far as 10 mm. distant. 
The increase in buds was 65% at the irradiated zone, and at a 
distance of 

1 inm. 2 mm. 3 mm. 4 min. .5 mm. 6 rom. 7 mm. 8 mm. 9 mm. 10 mm., it was 

100% 87% 86% 79% 80% 80% 55% 43% 33% 25% respectively 

.Experiments with larger irradiated surfaces gave the same amount 
of spri'acb'ng, 9 — 12 mm. from the border of the irradiated area. 

The ability of roots to produce and conduct secondary 
radiation is limited to a short time after the severing of the root 
from the bulb; Potozky and Zoglina (1928) found a positive 
effect after 30 minutes, but not after 40 — 45 minutes. 

The same authors could also show that the })roduction of 
secondary radiation exhausted the plant rapidly. Freshly-cut 
roots which gave strong secondary effects during the first 5 minutes 
of irradiation showed no reaction after 10 more minutes of (‘x- 
posure to monochromatic fight of 2020 A. 

Another experiment with starving yeast cells may help to 
throw some light on this phenomenon. Yeast colls radiate imme- 
diately after being washed, but not 30 minutes later. Even then, 
the organisms will still produce secondary radiation imder the 
influence of an arc light spectrum. This exhausts the yeast so 
much, that one hour later, it has produced 41% less buds than the 
unirradiated control. Exhaustion has also been demonstrated 
with chemical solutions (see p. 44). 

A very recent illustration for such exhaustion has been given 
by Latmanisowa (1932) on the secondary radiation from nerves 
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after mitogenetic irradiation. The sciatic nerve of a frog was 
irradiated by a yeast culture. Another yeast block, serving as 
detector, was placed near the irradiated part of the nerve so that 
it was exposed only to secondary radiation from the nerve, but 
not to primary radiation from the yeast. This block was changed 
every 5 minutes. Fig. 40A shows that the induction effect of 
secondary rays is very strong at first, but decreases after 5 minutes. 

Figure 40. 

Secondary radiation from 
a nervo exposed to con- 
tinuous yeast irradiation. 

Ai the first 40 minutes, 
showing exhaustion of the 
nervo; B: a nerve, ex- 
hausted after 35 minutes, 
is given 10 minutes rest 
after which irradiation is 

continued. 

and after approximately 30 minutes, it has disappeared, and does 
not appear any more upon cjontinued irradiation. 

If, however, the nc'rvo is given a “rest” for 10 minutes, 
by removal of the source of irradiation, it will rec^over suffici(mtly 
to react again upon renewed irradiation (fig. 40 B). But the nerve 
is still “tired” and will become much more readil^^ exhausted 
than the first. This phenomenon, too, is not charactteristic of norv('s 
only. It can be duplicated with cell-free solutions (p. 43). 

The observation that secondary radiation could b(‘ passed 
on over considerable distances, suggested measuring the rate of 
travel. After some preliminary experiments by Alexandkh 
Gurwttsch, Anna Guhvvitsch (1931) made some ac;curatc 
measurements with onion roots, by means of a rotating disk 
(fig. 41). This had two windows, one nearer the center through 
which the primary rays (from a yeast culture) fell upon the old(‘r 
part of the root, and another towards the periphery of the disk 
through which the radiation from the meristem of the root fell 
upon the detector. These two slits were so arranged on the rotating 
disk that after the primary rays had fallen upon the root, the disk 
had to be turned thiough 50® before the secondary rays from the 
meristem could fall upon the detector. This central angle was 
varied from 20® to 85®. With a definite speed of rotation of 
3(XX)r.p.m., only the angles between 25® and 50® gave positivc. 
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results. This signifies that a certain time (0.0022 seconds) must 
pass before primary radiation falling upon one part of the root, is 
conducted to another part and is emitted there. These values 
refer to a condition over 2.5 cm. Then, the distance was increased 
to 5 cm. The central angle for positive effects was hereby increased 
to botw(*en 40® and 70®, which means an average increase of 15®. 
This corresponds, at 3000r.p.m., to 0.00083 seconds, and this is 



Figure 41. 

Kotating disk for measur- 
ing the rate of travel of 
secondary radiation in 
onion roots. At right, side 
view showing position of 
primary sender S, onion 
root, and detector D. 


the time required for the secondary radiation to pass the additional 
2.5 cm. The rat(^ of conduction is therefore about 30 meters per 
setiond. 

Allowing the same time for transmission through the other 
2.5 cm. of root, the total time required for transmission through 
5 cm. of root is 0.00166 seconds. The total time corresponding to 
the average angle of 55® is 0.00306 seconds. The difference, 
0.00140 seconds, was required for processes other than conduction, 
such as local leactions at the points of absorption and emission. 

Recently, Latmanisowa (1932) has measured the rate of 
conduction of secondary radiation in the sciatic nerve of the frog. 
The method was exactly the same, except that the 2200 A area 
of the copx^er arc was used as primary source. This was sufficiently 
intense to permit the reduction of the window for primary radiation 
to 3® and that for secondary radiation to 1®. The accuracy of the 
method was thus greatly increased, and the rate of conduction in 
the nerve was found to be 30±3 meters per second. This is in 
good agreement with physiological measurements on the rate of 
conduction of nerve impulses. 

In the experiments with secondary radiation of onion roots, 
radiation was observed from the same side of the root which had 
been exposed to primary radiation. Further experiments showed 
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that the radiation efifect was transferred longitudinally with great 
ease, but that no conduction occuTTed transversely across the root 
to the opposite side. In the nerve, however, strong radiation has 
been obtained from the unexposed side (Latmanisowa 1932). 

An important phenomenon for the explanation of mitogenetic 
effects is the observation (Gurwitsch 1932, p. 300) that radiating 
cells or tissues lose this power rather readily when they are them- 
selves exposed to mitogenetic rays. Even young, actively radiating 
cultures lose their power when exposed to their own wave lengths. 
Eour yeast agar blocks were placed so as to irradiate one another. 
The first mutual induction was plainly noticeable. After 16 minutes, 
they were separated and tested as senders ; one was tested at once, 
the others after 16 and 30 minutes. None produced an increase in 
budding, as the following data show: 

Mutual induction during 16 minutes . . . .37% increase over control 
After 15 minutes rnuto-induction, effect upon 

new detector 2% „ „ „ 

After 16 minutes muto-induction and 16 mi- 
nutes recovery 0% „ „ „ 

After 15 minutes muto-induction and 30 mi- 
nutes recovery 1'8% „ „ 

Perhaps 30 minutes is too short a time for recovery of yeast, the 
generation time of which must have been at least one hour under 
the condition of the experiment. 

This phenomenon itself can bo at least partially explained by 
the experiences with secondary radiation (see p. 46). 

Practically aU these facts had been discovered, before it was 
found that in certain cell-free solutions, the same effect can bo 
obtained (see p. 44). This does not alter the explanations mate- 
rially, however. It only means that secondary radiation need not 
be connected with life processes. It is brought about by some* 
unknown influence of ultraviolet rays which induce certain 
chemical reactions in cells or complex organic substances. 

In their latest publication (1934a), Wolff and Ras point 
out that mitogenetic rays become polarized by reflection like 
common light does, and that apparently, polarized mitogenetic 
rays have an enormously greater biological effect. When mito- 
genetic rays fall upon any cell, it seems highly probable that at 
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least part of this radiation will be reflected from the cell walls, 
and thus will become polarized. It is not possible, at the present 
moment, to foresee all the consequences of such polarisation. 

D. INTENSITY OF THE MITOGENETIC EFFECT 

It has already been stated repeatedly that the intensity of 
the effect is not proportional to the intensity of the radiation. 
One very simple reason for this is the usual method of recording 
the results. The ‘‘induction effect” as the increaxso in the expo.sed 
yeast over that of the control, expressed in percentages of the 
latter cannot possibly be used as quantitative measure, as ex- 
plained on p. 79. 

The error of this method of recording results becomes most 
evident when applied to physical measurements. If the number 
of impacts induced by biological radiations is expressed in per- 
centage of the stray radiations of the surroundings, it is utterly 
meaning](?ss from a quantitative viewpoint because this stray 
radiation (the background radiation) can be greatly altered by 
shielding the instrument with iron or lead. This doc^s not affect 
the intensity of the biological radiation at all. The “mitogenetic 
effect” as used especially by the Russian investigators has no 
quantitative value whatever. It is not surprising that it was 
never possible to use it for measurements of intensities. 

The customary way of comparing intensities is to compare the 
minimal time of exposure (threshold time) required to give definite 
mitogenetic effects. This method has been used repeatedly by 
the Russian workers, and recently also by Wolff and Ras. 
Examples may be found in Table 12 p. 44, Table 46 p. 146, and 
Table 49 p. 157. However, there are physical reasons to warn 
against quantitative conclusions from threshold times. It has 
been pointed out above (p. 24) that, with photographic plates, 
the reciprocity law (double intensity means half as long exposure) 
does not hold with very low intensities. 

All previous measurements of intensities have become 
practically meaningless since Wolff and Ras (1934 a) showed 
that mitogenetic rays may easily become polarized, and that 
polarized rays have an enormously much stronger biological effect 
than the ordinary radiations of this type. 
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E. RETARDATION THROUGH RADIATION 

It seems quite probable that an overdose of radiation might 
produce the opposite effect of mitogenesis, and prevent or retard 
mitosis. Gurwitsch called this phenomenon mitogenetic de- 
pression which, really, is a self -contradictory term; it should be 
“depressed mitogenesis”. Observations of this kind have been 
recorded rather frequently, but the circumstance that different 
detectors sometimes give opposite results, warns against hasty 
conclusions. 

As early as 1928, Sfs.smanowitsch irradiated onion roots 
biologically for 12 hours and longer, together with control roots 
exposed only during the last 2.5 to 3 hours. She observed a 
decrease of mitoses in the exposed side of the root as compared 
with the opposite, shaded one. This was interpreted as “ex- 
haustion** by too much radiation. Strong jdiysical light produced 
the same depresssion in a few minutes. 

It must bo remembered, however, that with roots as detectors, 
we have no real controls; a difference between the two sides of 
the root may mean stimulation on one side, or retardation on the 
other side, or both. In this case of over-exposure, there may 
have been retardation through over-exposure, or it may mean no 
effect through over-exposure, and stimulation (through secondary 
radiation) on the shaded side. 

We must therefore turn to other detectors which permit 
absolute controls, i, e., to unicellular detectors. The yeast bud 
method appears to be the one by which “depression** is observed 
most easily. But it is just these retardations by the yeast bud 
method which are frequently contradicted, in the same experi- 
ments, by parallel measurements of the actual cell increase. 
Table 34 shows Salkind*s experiments (1933) with rat blood 
radiation. With exposures of 2.5 minutes and longer, the 
percentage of buds showed a decrease against the controls, the 
actual number of cells, however, is larger than that of the controls. 
This can only mean that the yeast bud technique fails to indicate 
the true growth rate (see p. 69). 

Real retardation by biological radiation can be measured 
only by decrease in the growth rate. The measurement of the 
aetual number of eells permits of only one interpretation; a 
smaller increase than in the control can only signify a retardation 
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Table 34. Induction Effects from Intermittent Radiation of 
Rat Blood, as Measured by the Relative Increase in Yeast Buds, 
and by the Increase in Total Cells 


Length of 

Induction Effect obtained 

Exposure 

by yeast buds 

by yeast cells 

7 seconds . . 

3; 3 


15 „ 

23; 41; 30 

1; 7? 12; 13 

30 „ 

17; 20; 28; 30; 36 

47; 69 

1.5 minutes . . 

6; 9; 13 


2.6 „ . . 

—31; —41 

46; 50; 67; 69; 74; 123 

6 „ 

—18;— 20;— 23;— 24; 
—24;— 26;— 28;— 28; 
—33 

22; 22; 40; 43; 109; 120 

10 „ 

—30; —33; —33; —36 

73 

20 „ 

—62 



of the growth rate. Such cases are also reported. Wolff and Ras 
(see p. 77) consider it the normal reaction after continued irra- 
diation. In his analysis of this phenomenon, Salkind (1933) 
observed that with prolonged irradiation, the depression did not 
increase. A more detailed investigation revealed a certain periodi- 
city; after stimulation followed depression, but after depression, 
if radiation continued, again stimulation could be observed, 
(Table 35). This was the case with physical as well as biological 
senders. In each instance, as well in the experiment of Table 34, 
irradiation was applied intermittently. No definite periodicity 
could be found in Salkind’s data. 

Gurwitsch as well as Wolff and Ras {1933 c) have verified 
this observation of seveial maxima at widely different exposure 
times while between these maxima, no mitogenetic effects were 
obtained. 

A striking parallel exists between this effect and that of the 
photographic plate, as may })e seen by the following quotation 
from Neblette (1930). 

“Reversal by Light: With a short exposure to light we get a 
latent image which on development yields a negative. If the exposure is 
lengthened considerably, the image becomes positive instead of negative 
when developed, while still further exposure will produce a second negative, 
and it is probable that the cycle may be repeated indefinitely, although 
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Table 36. Periodicity of the Mitogenetic Effect Measured by the 
Increase in Cell Numbers with Yeast 



Percentage Increase over Control Cultures 

Source of Radiation 

Line 2360A 
Carbon(orCu) 
Arc Light 

Agar Culture 
of Yeast 

Serum Albu- 
min in 
gastric juice 

Experiment No 

I 

II 

I 

II 

I 

II 

Exposed for 18 seconds . . 

+48 

— 8 





2 minutes . . 

— 8 

—18 

+20 

^-27 

+43 


5 „ 


+ 1 

+94 

+ 6 

+ 86 

+80 

8 

+ 8 

+28 

— 6 


+ 2 

—23 

10 



+38 

+39 

+ 77 

— 38 

12 

—13 

—19 


—11 

+ 17 

-32 

16 „ 

+37 

2 


+37 

+ 7 

+37 

18 „ 

-40 

+30 



—16 

+88 

30 „ 






+79 

40 „ 






+40 


owing to the enormous exposures required, no one has been able to go 
past the second negative stage. The reactions which result in reversal are 
still obscure.” 

Gukwitsoh (1932, p. 219) gives some examples where, after 
too long an exposure, the effect was not at once harmful, but was 
delayed for a short time, acceleration being noticeable followed 
by a distinct retardation. He calls this “secondary depiression” . 


F, ADAPTATION TO GRADUAL INCREASES 
IN INTENSITY 

When the intensity of radiation is gradually increased from 
below the threshold to a value which would produce a strong 
effect under usual conditions of exposure, no induction takes place. 
This has been demonstrated most simply in experiments on mutual 
yeast irradiation (Gubwitsch 1932, p. 263). An experiment was 
started with two yeast agar blocks mounted 6 cm. apart, on the 
movable substage of a microscopt'. This distance is too far to 
produce a mitogenetic effect. Very slowly, the two blocks were 
made to approach one another, until after 6 to 8 minutes, they 
were very close together ; they remained in this position for some 
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time. The total irradiation time corresponded to that of another 
set with the same yeast culture which had been placed in the final 
position at the start. While this latter set showed increases of 
40 to 60% over the controls, the yeast of the equally long exposed, 
but gradually nearing agar blocks paralleled the controls. The 
time required for this slow approach must be about 5 to 6 minutes. 
When it is reduced to 3 minutes, the regular mitogenetic effect 
is observed. 

The same phenomenon was obtained when an eUiptical disk 
was rotated between two yeast agar blocks. This disk was mounted 
so that in rotation, it gradually exposed the two agar blocks to 
each other, and gradually shaded them again. This was sufficient 
to prevent induction. 



CHAPTER VI 

ANALYSIS OF THE MITOGENETIC EFFECT 


At the present time, the mechanism by which short ultra- 
violet rays affe(;t hving cells is not understood. This chapter 
does not offer one theory, but presents a number of attempts to 
account for the various phenomena obstjrved. 

These rays were not discovered by chance. From a certain 
rhythm observed in the division of the sperm cells of amphibia, 
and in plant roots after special treatment, Gukwitsoh (1922) 
predicted a factor which controlled cell division. From the mode 
of action, he concluded that this factor could not be chemical, 
but must be of a physical nature, and in 1923, he succeeded in 
proving it with onion roots. 

Mitogenetic radiation was considen^d at first merely from the 
cytological viewpoint, as an emanation produced somehow in 
the very complicated process of cell division. Only after 1928, 
when Siebeut proved this radiation to be emitted also from 
purely c^liemical oxidations, the physico-chemical viewpoint 
entered into consideration. The theories which were develotJed 
during the “biological stage” of the discovery have never been 
fitted completely into the physico-chemical facts observed later. 
Hence, we lack a clear conception of the working mechanism of 
these rays. 

Guravitsoh has always distinguished between the *^Ureffekt^\ 
the primary effect which is the increase in the munber of mitoses, 
and all other effects of secondary importance. All of Gurwitsch's 
speculations and explanations start with the results obtained with 
onion roots; these were the first detectors, and since he made a 
large number of experiments with them, they are to him probably 
the most familiar of aU detectors. 

However, they have the great disadvantage of not offering 
perfect controls. The number of mitoses in different roots oven 
from the same bulb varies greatly. The customary method is to 
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use the shaded, unexposed side of the same root as control; but 
we cannot bo at all certain that irradiation of one side does not 
influence the cells on the opposite side as well. In fact, Reiter 
and Gabor claim tha.t they are affected. 

The authors of this book who have made no experiments with 
onion roots, but are familiar with yeasts and bacteria, prefer to 
start with these simple, unicellular forms as the first objects for 
an attempt to interpret the primary mitogenetic effect. The best 
method for this purpose is the yeast bud method* by Tn thill 
and Rahn (p. 68) where all cells are of the same age ; no secondary 
radiation from older cells complicates the analysis, and the per- 
centage of buds is a true measure of the rate of cell division. 

Any interpretation of the mitogenetic effect should account 
at least for the most remarkable facts observed. The following 
have been selected as the most important: 

(1) The necessity of a particular physiological stage of the cell. 

(2) The relation between the intensities of radiation and of 
effect. 

(3) The minimal intensity required for an effect. 

(4) The 1) armful effect of over-exposure. 

A. THE NECESSITY OF A PARTICULAR 
PHYSIOLOGICAL STAGE 

This necessity will not appear improbable to a cytoJogist. 
The cells of growing tissues are morphologically and chemically 
quite different from the old, resting cells of the same tissue. This 
holds not only for the larger plants and animals, but also for 
cultures of yeasts and bacteria (see e. g. Hekrici, 1928). 

When any cell changes from the stage of active cell division 
to the resting stage, this is caused by some external or internal 
factors. These factors must be removed, or changed, before old 
cells can divide again. With unicellular organisms, rejuvenation 
is brought about by transferring the old cells to a fresh medium. 
The old cells need from one to several hours before they are 
“rejuvenated”, i. e. able to multiply at the normal rate. This 
period of adjustment is called the lag phase (see p. 67). In 
multicellular organisms, old cells can be induced to cell division 
by wounding, or by unknown outside stimuli as in the case of 
gall formation in plants, or neoplasma in animals. 
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It would not api)ear probable that a resting cell can be 
induced to a new cell division by a short, weak irradiation. Though 
we do not really understand physico- chemically the agoing process 
of a cell, it does not seem likely that the factors which induce 
ageing could be removed by irradiation. This is borne out by 
experiment. Mitogenetic effects are not, as a rule, observed with 
old cells left in an old environment. 

The stage of active cell division, does not appear very favorable 
either for mitogenetic effects. Wolff and Ras (1932) make the 
unrestricted statement that mitogenetic effects can be obtained 
only during the lag phase, but not later, i. c. not during the phase 
of constant growth rate. Their experiments support this claim. 
They explain it by the assumption that the rapidly multiplying 
cells irradiate one another, and being so close together, their 
own radiation is stronger than that from any external sourc(\ 
which is necessarily weakened by distance and absorption. 

If this explanation were correct, such cultures should reac*t 
to outside irradiation at low temperatures where the rate of 
metabolism, and consequently the intensity of radiation, is weak : 
they shoidd also react to an external source when they arc widely 
dispersed so that the cells are far apart. The latter was tried 
without success by Ferguson and Rahjsi (1933). Cultures of 
Bacterium coli, 24 hours old, never reacted upon irradiation, 
whether exposed as such or diluted 1 : 10 000, while older cultures 
gave very pronounced effects. The fact that actively dividuig 
(iells do not respond readily to mitogenetic rays is thus verified, 
but the explanation by Wolff and Ras is doubtful. 

With yeasts as well as with bacteria, the stage of rejuvenation, 
the lag phase, is one of strong response. Very striking are the 
results of Txtthill and Rahn (Table 21, p. 68) where the yeast 
produced buds very rapidly when exposed within half an hour 
after being transferred to the fresh nutrient medium, but failed 
to respond an hour later, though the control had not as yet started 
to produce buds. There seems to l)e one stage during rejuvenation 
when the cells are most susceptible. 

The explanation may l>e cytological, chemical or physical. 
It may be that but one mitotic stage can take advantage of the 
energy introduced into the cell by this radiation. Perhaps, a 
certain chemical process in the rejuvenating cell is greatly stimu- 
lated ; e. g. the ultraviolet, by means of a chain reaction, might 
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set up the reduction potential necessary for normal cell functions 
(light the candle which then keeps on burning as long as the cell 
feeds normally). Or, possibly, the cell wall becomes transparent 
to these rays only at one certain stage of development. Whatever 
be the explanation, it must be kept in mind that so far, the later 
stage of active cell division docs not seem to be greatly influenced 
by these rays. It appears that the difference between rejuvenation 
and active cell division might give us the clue for the mitogenetic 
effect. 

There seems to bo another stage where cells respond, namely 
immediately before entering the resting stage. The description 
of the physiological condition of Baron’s yeast plate (p. 66) 
suggests this strongly. The volumetric method as described by 
Kalendaroff (p. 73) appears to make use of this stage, and so 
does Hbinemann’s hemacytometer method (p. 72). Apparently, 
the cells, at the point of going to rest, are stimulated to at least 
one more cell division by irradiation. This may also be the cause 
of the mitogenetic effect in onion roots (see p. 129). This need 
not necessarily involve a mechanism different from that assumed 
in the rejuvenation process. It may well be that in the agoing 
ceU, the additional, properly dosed energy from the sender prevents 
a certain phase of the ageing process, for a short time, sufficiently 
long to permit one more cell division. This may be the same 
mechanism which, under the more favorable conditions of re- 
juvenation, is stimulated so greatly. 

B. RELATION BETWEEN THE INTENSITIES OF 
RADIATION AND OF EFFECT 

It has been one of the most annoying puzzles of mitogenetic 
experiments that there seemed to be no proportionality between 
cause and effect even when polarisation is excluded. We could 
not expect this with detectors involving secondary radiation by 
old cells, such as the onion root, Baron’s yeast plate, or the 
volumetric yeast method. But even with the yeast plate of 
Ttjthill and Rahn, where mutual ceU influences are practicaUy 
excluded, the percentage of buds was not at aU proportional to 
the length of irradiation time. When freshly prepared detector 
plates were exposed for different lengths of time, the foUowing 
percentages of buds were found (after 2 hours of incubation) : 
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1 

minutes 


exposed for . . 

j ^ 

10 

20 

40 


0/ 

/o 

o/ 

/o ! 

o/ 

/(> 

/o 

through quartz . 

21.0 

20 

i 36.5 

24.6 

direct 

22.5 

23 

37.5 

27.5 


The sender was a 6 hours old yeast surface culture, l^he exposm*e 
of 20 minutes produced a strong etfe(^t, either directly or through 
quartz, 15% more than the control. If there were proportionality, 
the 10-minute exposure shoidd have produced an increase of 
approximately 7%, and the 40-minute exposure a 30% increase. 
Neither of these other times showed any great effect, however. 

This may be explained by the recent discovery of Wolff 
and Has (p, 43) that nutrient media produce secondary radiation 
when they have been in contact with microorganisms. The 
entire detector pJate begins to emit radiation as soon as it is 
exposed to a sender. The intensity of secondary radiation does 
not depend so much upon that of the primary sour(;e as upon 
the c;hcmical composition of the medium. All hope for j)roportion- 
ality must be given up in this case. Only with a medium which 
does not produce secondary radiation, does a biological measure- 
ment of intensity seem at all possible. 

{). THE MINIMAL INTENSITY REQUIRED FOR AN 
EFFECT 

All measurements of the intensity of mitogenetic rays arc 
very inaccurate, but the order of magnitude of the strongest 
senders appe^ars to be about 100 to 1000 quanta per cm^ per 
second. The detector plate by Bakon is completely covered with 
cells, but that of Tuthtll and Rahn has single cells. The pro- 
bability that a yeast cell of 6x7 jli is hit in one second, assuming 
1000 quanta/cm 2/sec, is 

P -= 0.00000042x1000 
0.00042 

The probability of being hit in one minute is 0.0252. It will 
require 40 minutes of continuous, uniformly dispersed radiation 
before each of the yeast cells is likely to be hit by one quantum 
of ultraviolet light. Since we find the strongest effect under this 
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arrangement at 20 minutes (see above), it would seem that one 
quantum per cell is sufficient to produce the mitogenetic effect. 
There has been a good deal of speculation as to the mechanism 
by which one single quantum could affect the cell so greatly. 

However, since certain solutions such as blood serum, or 
broth in which bacteria have lived or are living, will produce 
secondary radiation, the assumption of a single quantum acting 
upon the cell has become unnecessary, even improbable. The 
raisin agar upon which the yeast is spread will gradually become 
transformed into a secondary sender by the very presence of the 
yeast. Irradiation will then set the entire mass of agar radiating, 
and the number of quanta thus produced, or absorbed by the 
colls, cannot be estimated. 

It is known that yeast cells, or onion root cells, or pulp of 
tissues, yield secondary radiation; it seems safe to assume that 
living protoplasm generally will respond in this way. Then, if 
the cell absorbs one or a number of quanta of ultraviolet, the 
entire cell begins to radiate, not visibly, but measurably. This 
induces a state of excitement, and it is quite probable that a niore 
rapid cell division may be brought about, provided that the c(‘ll 
is at the proper cytological stage. Possibly, the synthetic powers 
of the cell work to a certain morphological and physiological 
culmination which can be released only by a very accurately 
measured impulse, i. e. the absorption of one quantum of ultra- 
violet of fairly definite wave length. Considering the systematic 
arrangement of all molecules in the cell, it can be well imagined 
that such a release will start many wheels turning, many processes 
going on automatically and exothermically, until cell division is 
completed. 

This is, in slightly different terms, Gurwitsch’s original 
conception of the mechanism of the mitogenetic effect. He claimed, 
and seems to assume oven now that no cell division is possible 
without this external, ultraviolet stimulus. It would appear that 
single -cell cultures of bacteria and yeasts were a proof against 
this assumption, but they may be explained in some other way. 

One fact, however, makes the above explanation too simple. 
Every fermenting yeast cell liberates, within the cell, energy of 
definite mitogenetic wave lengths, namely of 1900, 1910, 1930, 
1950 and 2170 A (p. 37). If all yeast cells produce this wave 
length, how can cells be stimulated by the same wave lengths from 
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an external source ? We may return to the first of our fundamental 
facts that only at a certain cytological stage, cells will react to 
mitogenetic radiation. No reaction has been observed at the 
stage of most active multiplication which is also that of most 
active metabolism. A very definite and strong response was 
obtained at the first stage of the rejuvenation process. If we 
could make the assumption that during the period of sensitivity, 
the cells show no metabolism, or at least emit no ultraviolet, 
then the mitogenetic effect could be easily explained. But tht* 
assumption is not justified. Rahn (1928) and Rahn and Barnes 
(1932) found that old yeast cells, compressed baker’s yeast as 
well as beer yeast stored for several weeks at low temperature, 
fermented strongly within 10 minutes after being placed in 
sugar solution. 

Whatever the explanation, it is certain that the mitogenetic 
effect does not occur merely through the increase in energy 
content of the cell. 

1). THE HARMFUL EFFECT OF OVER-EXPOSURE 

The harmful effect of over-exposure is more easily under- 
stood by the secondary radiation of the cell and of the medium. 
Before this was found, the stimulating effect which the first 
quantum had produced, appeared to be counteracted by the ab- 
sorption of a second quantum. Now we realize that the first as 
well as the second quantum are probably multiplied manyfold 
within and outside the cell. 

Tt has been shown (p. 43) that too long ex]wsuT*e destroys 
tlu^ ability of a solution to produce secondary radiatioii. After 
a day or two of rest, this property returns. Nothing is known 
about the chemistry involved, but the assumption of an equili- 
brium, disturbed by irradiation and slowly re-established after 
discontinuance, fits best into our present concei)tions of lifi‘ 
functions. 

Something similar to these effects may hajipcn in the cell. 
We have already seen that very lik(‘ly they an^ all capable of 
secondary radiation. They also will become exhausted upon 
long -continued exposure (p. 110). Moreover, it has been shown 
that recovery is slow. If we assume that all cells are brought to a 
state of radiation, or excitation, but that only those cells whicjh 
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are at the proper cytological stage can respond to this stimulus 
by dividing more rapidly, the cells of other stages will soon become 
exhausted. This would mean at first a normal rate of cell division, 
and eventually a temporary interruption of mitosis, on account 
of exhaustion of certain chemicals in the cells, by the prolonged 
secondary radiation. 

Since exhaustion of solutions lasts for a day or two (p. 43) 
and exhaustion of cells for hours (p. 110), it would be difficult to 
explain the periodical alternation of stimulation and depression 
observed with long- continued irradiation by Salkind (p. 116), 
The data of Wolit and Ras (Table 25, p. 77) also seem to 
indicate recovery from tlcpressiou though irradiation is continued. 

The time during which mitogenetic effects can be observed 
seems to vary with the detector. The sharpest limitations observed 
ar(‘ those by Wolff and Ras (Table 12, p. 44): strong positive 
effect with 5 minutes exposure, none whatever with 4, 6, 7 or 
8 minutes, etc. This is doubtless caused by the uniform age of 
all cells in this kind of detector while Baron’s yeast plate with 
colls of many different physiological stages, has a more gradual 
range of response and tolerance. 


E. STORAGE OP MITOGENETIC CHARGES 

Eregitson and R\hn (1933) observed that bacterial t;ells 
could Ijc kept in their old environment for 2 hours after exposure 
to mitogenetic rays, and still show stimulation of growth when 
transferred to a fresh medium (Table 36). 


Table 36. 3-day old culture of Bacterium coUy irradiated by au 
agar culture of Bacterium call for 30 minutes 



transplanted immediately 

transplanted 2 hours 


after irradiation 

after irradiation 


Control 

Exposed 

( Control 

Exposed 

start 

4 950 

5 050 

4 350 

3 950 

after 2 hours . 

4 960 

6 750 

3 700 


♦» 3 ,, 

5100 

6 500 

— 

- 

„ 4 „ . 

6 600 

8 700 



. 6 „ . 

24 600 

83 600 

10 500 


8 „ . 

234 200 

1600000 

— 

- 
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The storage of energy as such appears out of the question. 
A continued internal secondary radiation is also impossible. We 
can only assume that the colls were changed chemically, that the 
unknown process of rejuvenation was released, but could not 
materialize xmder \mfavorable environmental conditions ; as soon 
as this situation was altered, rejuvenation sot in at once. This 
observation may eventually help to locate the exact process 
released by the mitogenetic impact. 


F. MECHANISM OF THE BARON YEAST DETECTOR 

In his monograph, GuRWiTscn devotes 50 pages to the 
analysis of mitogenetic effects in the Baron yeast plates. The 
limited space of this book does not permit detailed quotation, 
especially since the complexity of this detector leaves too many 
possible explanations. However, since it is a good parallel to 
multicellular detectors, we shall at least give a brief summary 
here. 

The complex structure of the Baron yeast plate, with old 
colls, beyond the stage of cell division, on the surface, and with 
normally-dividing cells at the bottom, has been described in detail 
on p. 66. The old surface cells react upon irradiation by producing 
secondary radiation. They can emit only a definite (though 
unknown) amount of radiation. After that, they are exhausted 
and remain inactive, though absorbing ultraviolet, for the duration 
of the experiment. The number of these secondary senders 
decreases therefore gradually during exposure. 

The absorption of one quantum is sufficient to inducts 
secondary radiation in a surface cell provided that the cell is not 
too old. Secondary radiation consists in the emission of a number 
of quanta. Smee the emission takes place in all directions, the 
intensity decreases very rapidly with the distance from this cell. 
However, since in this detector, cells are lying closely side by 
side, a quantum emitted through secondary radiation may bo 
absorbed by another reacjtive cell which then, on its part, emits 
new secondary quanta. On p. 110, it has been shown that in 
these yeast plates, mitogenetic effects may be observed 10 mm. 
removed from the exposed cells. Some of these secondary 
quanta will penetrate into younger cells, and stimulate them to 
bud formation. 
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Gurwitsch considers the “mitogenetic field” similar to an 
electro-magnetic field. He believes that a uniform stream of 
quanta striking a cell from all sides will not produce a mitogenetic 
effect. The mitogenetic stimulus consists in the one-sided discharge 
(release) of a neighboring secondary sender. Gorwitsch assumes 
that if two or more quanta strike the surface of the detector at 
the same moment, the peripheries of the streams of secondary 
quanta may be partly superposed and thus by interference, pro- 
duce no effect ; though the total energy is increased, the potential 
necessary to initiate cell division is lacking. Such “ecpialization” 
will occur more commonly with physical sources of ultraviolet 
because the light is more uniform, while in biological sources, 
radiation comes from many cells unevenly distributed. Con- 
sequently, there is less equalization, and therefore a relatively 
stronger mitogenetic effect must be expected from biological 
senders. 

By irradiating a liquid bacterial culture in quartz from above 
and below at the same time, Miss Fergitson, in an unpublished 
experiment, obtained a strong mitogenetic effect. The two radi- 
ations did not cancel. Such interference seems rather improbable if 
we look at the mitogenetic effect as a photochemical one. We 
would not expect the reaction between hydrogen and chlorine 
(p. 46) to be susijended if the gas mixture were irradiated from 
two opposite sides. Such interference is imagineablc in a one- 
dimensional system, e. g. a nerve fiber, but hardly in three- 
4iiracnsional media. 


G. MITOGENETIC EFFECTS IN MULTICELLULAIl 
ORGANISMS 

There is one essential difference betw een the cells of unicellular 
and multicellular detectors which must be kept in mind to prevent 
misleading generalizations. Bacteria and yeasts in the detectors 
mentioned have a very large amount of food at their immediate 
eommand, whereas in tissues, e. g. in onion roots or in the cornea, 
the food supply is limited. Thus, in the latter case, there may 
not be enough food readily available to permit rapid cell division, 
oven after adequate stimulation; or after a premature mitosis, 
the food may be insufficient for continuing at a subsequent 
normal rate of cell division. 
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The one multicellular detector that has been studied cyto- 
logically is the onion root. The interpretations of the onion root 
effect by Gurwitsch (p. 66) and by Reiter and Gabor do not 
agree. The latter have based their intrepretation upon a cyto- 
logical analysis of the onion root which deserves attention because 
it suggests a close analogy of the root with the Baron yeast 
plate. The root can be divided into transverse cross sections 
which may be designated by the number of successive cells from 
each section to the tip. This number is fairly uniform whether 


Figure 42. 

Distribution of various cells in 
the onion root. 

Below; cross section through the 
root, with its vascular bundle ; the 
shaded zone indicates the sensitive 
part of the root. 

Above: distribution for the four 
cell types in different parts of the 
root; the abcissa represents the 
distance from the tip, measured 
by the number of cells. 
p -- elongated, resting cells; a = 
short dividing colls, — newly- 
born cells, oz — ripe nuclei, 
03 mitotic stages. 



the successive cells are counted in the center of the root or along 
the sides. The most sensitive region in respect to mitogenetic 
rays is approximately 50 to 70 cells from the tip. 

Reiter and Gabor studied the distribution of cell types 
along the root. They distinguished the a-type, short actively- 
growing ceUs, and the ^-type, elongated, resting cells. The first 
type could be subdivided into 3 nuclear stages : == newly-born 

nuclei; ~ ripe nuclei; Ug == various mitotic stages. The 
distribution of these types is shown in Table 37 and fig. 42. In the 
root tip, as far as about 25 cell layers upwards, no colls of the 
jS-type, i. e. no resting cells are found. All cells are in active 
division. In the region which is 125 or more cells distant from the 
tip, practically all cells are resting; dividing stages arc very rare. 
The zone of mitogenetic sensitivity contains cells of all types, 
the resting cells amounting to less than half of the dividing types. 

To analyze the effect, the authors raised two questions: 
How much does the exposed side of the root differ from the 
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Table 37. Distribution of the Nuclear Stages 



«1 

newly- born! 
nuclei j 

ripe 

nuclei 

as 

dividing 

nuclei 

e 

resting 

nuclei 

at the root tip 

21 

64 

15 1 

1 ~ 

i 0 

so cells upwards from the tip 

16 

56 

11 j 

! 17 

80 „ „ „ „ 

5 

21 

3 1 

71 


opposite, shaded side ? and How much does the exposed side 
differ from the normal ? The latter question could be answered 
only by analog}^ 

The conclusion was that “under the influence of mitogenetic 
irradiation, all cells born during the experiment remain in the 
actively-dividing stage, and produce again ripe nuclei while 
normally, without irradiation, a certain percentage would go into 
the resting stage. On the opposite side of the root, more cells go 
into the resting stage than would normally do so”. 

Gukwitsch (1932) docjs not agree with this interpretation. 
He doubts the possibility of accurately distinguishing between 
nuclei of resting and dividing cells. He criticizes the method of 
counting “ripe nuclei” only, and points out that a decrease of 
mitoses in the opposite side of the root has been observed o(5casion- 
ally, but only in about half of all his (Gurwitsch’s) and also of 
Rossmann’s experiments, and this can be accounted for by the 
method of sectioning and counting. 

There is a certain similarity between the onion root thus 
described, and the Baron yeast plate. Both consist of many 
closely-packed cells; both have the oldest, non-dividing cells 
on top, and very young, dividing ones at the bottom. It will be 
seen later that the onion root is irradiated continuously from 
above, by the bulb, and this stimulus is transmitted by secondary 
radiation of the old cells to the young, growing cells in the root tip. 
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THE SIGNIFICANCE 

OF BIOLOGICAL RADIATIONS IN BIOLOGY, 
MEDICINE AND AGRICULTURE 

A. UNICELLULAR ORGANISMS 

(1) Kmissioii at Different PhyaioJogical Stages: It 
had iieon emphasized throughout this book that iiitensi^ mito- 
genetic radiation has betm observed almost exclusively in young, 
actively growing tissues or cell cultures, while fullgrown ones do 
not radiate at all, or only rather weakly. 

According to Gurwitscii, we miist distinguish between two 
sources of radiation, the one emitted at the moment of nuclear 
division, and the other ri^sulting from general cell metabolism, 
such as oxidation, proteolysis, glycolysis. A culture of yeasts or 
bacteria should be a good senilor as long as either the (^ell division 
is rapid, or the metabolism remains active. Under optimal condi- 
tions of food and temperature, both these functions should cease 
almost entirely within 24 hours after transfer. Fig. 43 shows the 
development of a culture of Streptococcus lactis at 21^0 (RA^^', 
1932, p. 401). The left-hand curves represent the multiplication 
of the bacteria and the gradual accumulation of lactic acid from 
sugar, by glycolysis. The right-hand curves show the increases 
in each 3-hour interval. These increases must be proportional 
to the intensity of radiation of the culture, as it is apparent that 
there can be no other important source of radiation. The bacteria 
starting with 38 000 cells per cc,, can have emitted a noticeable 
degree of mitogenetic radiation only between 12 and 24 hours. 
Before that time, the radiation per cell might have been quite as 
strong or stronger, but the number of cells was too small; while 
afterwards the cells, though more than a billion per cc., havt^ 
ceased to produce acid, and therefore to radiate. 


9 * 
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With a heavier inoculation, e. g. by flooding the siu*face of 
an agar plate with a suspension of yeasts or bacteria, radiation 
begins sooner because the “active mass”, i. c. the number of cells, 
is greater. At lower temperatures, the intensity is less, but the 
phase of active radiation is prolonged. With processes which 
do not result in an inhibiting product like acid, the period of 
active radiation may also be longer. 

This a ‘priori deduction is made doubtful by the secondary 
radiation of the medium in which the bacteria grow> The actual 

radiation of the bacteria them- 



6 3 12 15 18 21 21 27 30 


age of culture 


selves must follow the lines of 
fig. 43; the emission by the 
entire culture may not. In- 
tensity of secondary radiation 
may not be proportional to 
primary intensity, and be- 



hours 


Figure 43. Development of a culture of Streptococcus lactis in milk. Age 
of culture in hours. Full line; number of ctUls per cc.; dotted lino; 
mg of lactose decomposed in 100 cc. 


left: total cells and total lactose fermented; right; cell increase for each 
successive 3-hour period, and lactose consumed during these 3 hour periods. 


sides, since the nutrient medium is continuously changed by 
the bacteria, its property as secondary sender may change. 

However, the theoretical deductions are essentially verified 
by the observation of Wolff and Ras (1932) that an agar surface 
culture of Staphylococcus aureus remains actively radiating until 
approximately 18 hours old. When the cultures are lull -grown, 
i. e. when there is no further appreciable increase in cells, nor in 
metabolic products, the culture ceases to radiate. 

Whether metabolism without cell division can produce 
mitogenetic rays, was decided in the affirmative by a simple 
experiment of the authors with bakers’ yeast suspended in sugar 
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Table 38. Mitogenetic Effects from Protozoa in Glucose Solution 


Without 

Sugar 

j 

imme- 

diately 

yter Addition of Sugar 

15 minutes 20 minutes SOmintues 
later later later 

Opalina 0 

—2.6 

+40 +36 — 

+4.4 

+2.5 

+20 +24 — 

+2.7; +2.0 

—7 

+ 11 — — 3.8 

Paramaecium — 2.8; +1.0 

+7 

+ 12 — +14.0 

—1.0; +3.0 

+3.7 

+27 — — 


solution. This yeast cannot grow under the experimental condi- 
tions because too many cells are present; however, even if slight 
growth were to occur, many hours would be required to overcome 
the lag. During the first hour, therefore, no radiation from cell 
division is possible while alcoholic fermentation starts at once. 

An interesting set of data on the radiation of Hydra fusca^ 
the well-known fresh-water polyp, has been given by Blaoher 
and Samara JEFF (1930). They found that a pulp of the entire 
organism radiates. If dissected, the hypostom and the budding 
zone radiate while the other parts do not. No increase in emission 
could be detected during regeneration. 

The common infusoria do not appear to radiate under normal 
conditions, but produce a secondary radiation. According to 
Zoglina (quoted after Gurwitsch 1932, p. 64) the following 
mitogenetic effects were obtained: 

from Opalina 0; +4; +3; +6; -f 12 

„ „ irradiated by blood +47 

„ „ „ „ frog heart .... +21 

„ „ „ „ spectral light . . . +15; +19; +38; +60 

from Paramaecium +2;+l;+3; — ^3 

„ „ , irradiated +20; +22; +13; +40 

Radiation could also be obtained from protozoa when glucose 
was added to the culture; it required about 15 minutes before 
radiation became noticeable. The mitogenetic effects observed 
are given in Table 38. 

A very interesting claim has been made by Acs (1932). Ho 
succeeded in increasing the mitogenetic effect of muto-mduction 
of bacterial cultures (Bacterium typhi-murium) by using the? 
detector of one day, i. e. the irradiated culture, as sender for 
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the next experiment. His data show a very consistent increase 
in the mitogenetic effect through 6 to 7 such transfers. 

The proof is not complete, however. It is well known that 
old bacterial cultures require a longer time to start growing than 
young ones. The rate of growth of old cultures can be increased 
for several successive transfers, without any irradiation. Without 
accurate statements concerning the number of cells in the sender 
and in the detector, no definite conclusions can be drawn. 


(2) Reaction Upon Irradiation: Bacteria ‘ and yeasts, 
when transferred from an old culture to a fresh medium, do not 
start growing at their maximal growth rate. The old cells undej’go 
a rejuvenation process, morphologically and physiologically 
(see p. 120). This results in a very slow growthrate during the 
first hours after transfer. The bacteriologist calls this the lag phase. 

It has been observed by Rahn (1907), Penfold (1914) and 
others that bacteria after being transferred from an old 
cultm’e rejuvenate more rapidly if many cells have been trans- 
ferred while with a few cells in a large volume of fresh medium, 
rejuvenation is slow, and single-cjell cultures frequently die. 
This observation had been very puzzling to biologists since th(' 
opposite should be expected, until it could be explained as a 
simple stimulating effect by mutual irradiation of the cells. The 
closer they are together, the stronger must be the effect, the 
quicker the recovery. 

The best example is very likely that of Henkict (1928, 
Table I) with yeast. He ino(;ulated increasing amounts of yeast 
into flasks of sugar -peptone solution, so that all the detdmal 
gradations from 2095 to 20949750 cells per oc. wore present. 
These different inocula resulted in very different lag periods. 
The times required to reatli the maximal growthrate were: 


Avith an inoculum of 
20 949 760 cells per cc. 
2 094 976 „ „ 

209 498 „ „ „ 

20 960 „ „ „ 

2 096 „ „ „ 


J.<ag Period 
2 — 8hrs. 
4— 8 „ 
6—12 „ 
12—24 „ 
24—36 „ 


Average cell distance^) 
0.036 mm. 

0.086 „ 

0.192 „ 

0.422 „ 

0.914 „ 


^) The average cell distance is computed from the equation 


distance = cell diameter 


(V. 


74.04 


o.-l) 


cell volume in 100 cc. 

It is absolutely correct only with spherical organisms. The volume of one 
y(‘ast cell is taken as 1 18 the average diameter as 6.4 //. 
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Table 39. Growth Acceleration by Mutual Irradiation with 
Saccharomyces ellipsoideus 




Number of Buds per 100 Cells 



* Experiment No. 1 I 

1 Exi)eriment No. 2 

Inoculum 

8,000 cells j 

80,000 cells 

8,000 cells 

80,000 cells 

start 

] 

'' 0 

0 

0 

0 

aft(*r 

3 hours . ' 

: (» 

0 

0 

0 

aft(‘r 

5 hours . 

3 i 

16 

— 


after 

() hours . ' 

!i 

— 

5 

49 

after 

7 hours . 1 

14 

60 

— 

— 

after 

10 hours . 1 

' 


17 

91 

after 

12 hours . ' 

i 

-- 

35 

91 


To these proofs tliat the lag phase is shortened by the mutual 
irradiation of (jells, Bakon (1930) added another. After having 
shown that bud formation in fresh yeast cultures begins sooner 
when th(' inoculum is larger (Table 39), ho showed that this 
ditf(‘ren<‘(‘ disappears wh(‘n gcdatin is add(‘d (Table 40). Gelatin 


Tabl(' 40. Prevention of Growth Acceleration by Absorbing the 
Mitogenetic Kays by Means of Gelatin 


Number of Buds per 100 Cells 



Experiment A 

Exj)cri 

Inoculum 

8,000 cells 

80,000 cells 



8,000 cells 

start 

1 

" 

0 

after 3 hours . 

2 

2 

0 

after 5 hours . 

18 

21 

12 1 

after 7 hours . 

30 

32 

— 

after 8 hours . i 

— 

— 

35 

after 10 hours . ' 

41 

' 

42 

48 

after 12 hours . 


— 

62 


80,000 cells 


0 

0 

15 

33 

52 

()1 


absorbs mitogimetic rays very completely (see p. 59), and while 
all other conditions of life remained the same (gelatin contains 
jio nutrients for yeast), muto-induction was prevented, and, as 
a result, the lag phase became independent of the* cell concen- 
tration. 



Table 41 

1 cc. of a 3-da3^ old broth culture of Bacterium coli irradiated for 30 minutes, 
then diluted in broth to various dilutions 
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Table 42. Offspring in 44 hours of the protozoon Enchelys farcinem 
in hay infusion drops of different sizes 



Culture A 


Culture B 


Drop 

^ ^ Cell Number 

Drop 


CeUNumber 

Weight 

Cells after ^ 

44hr8. 

Weight 

Cells after 1 
44 hrs. 

X Drop 

mg. 

Weight 

mg. 


Weight 

5.0 

250 1250 

1.4 

64 

90 

10.0 

31 310 

7.4 

4 

30 

13.6 

104 1414 

13.0 

8 

104 

23.4 

64 1498 

23.8 

6 

143 

34.6 

33 1142 

32.2 

4 

129 


The following experiment by Ferguson and Rahn (1933) 
verifies this from a different angle. 1 cc. of a culture of Bacterium 
coli was irradiated for 30 minutes, and then diluted in broth 
100, 10000 and 1000000 times. The cells in all three cultures 
came from the same 1 cc., the only difference being their distances 
from one another after dilution. Table 41 priNsents the data 
comparably, i. e. it shows the development of the progeny arising 
from Vioo®^’- culture, when grown in different cell 

concentrations. The slower growth due to greater dilution is 
plainly evident in the controls. The more important result is 
the absence of a mitogenetic effect when the cells are too elos(i 
together. 

(3) Allelocatalysis: The lag phase of growth is not limited 
to fungi. Quite striking examples of lag in protozoa have been 
reported by Robertson (1924). This investigator found that 
single individuals of Enchelys farcinem multiplied but very slowly 
or not at all in small drops of hay infusion while the rate was 
quite large when two or more individuals were in the same drop. 

While this appears a duplication of the lag phase of bacteria, 
it differs by the fact that the size of the drops has a great influence. 
Table 42 gives the progeny derived in 44 hours from single cells 
oi Enchelys in hay infusion drops of various sizes. In large drops, 
the growth is much slower, and if extrapolation is permissible, 
we must conclude that a single cell of culture A in 1.5 cc. would 
not grow at all; with culture B, the inhibiting volume is 0.15 cc. 
This is borne out by experience. Robertson mentions that such 
cultures usually show no growth. 
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Robertson assumes that a “catalyst"’ is produced by the 
cell, and that a certain concentration of this is necessary to cause 
cell division. This theory of “allelocatalysis” has not been ac- 
cepted generally, though similar phenomena are known, Wil- 
dtek’s “bios” (1901) is essentially identical with Robertson’s 
catalyst. The “bios” theory was based, among other things, upon 
the observation that in the same medium, a small inoculum did 
not reproduce while a large one did. This was verified by Natt- 
MANN (1919) who observed that 5 yeast cells would die in a medium 
where 50 produced growth. 

It is possible to reconcile the influence of the drop size with 
mitogeiK'tic radiation. All media absorb mitogenetic rays fairly 
readily. The ability to grow in a small drop indicates that th{» 
cell has been able to produce sufficient radiation to induce mitosis. 
A considerable part of it must leave the cell, be(;ause cells can 
influence one another ^utually. In a small drop, a good share 
of this emitted radiation is reflected from the air surface and 
finds its way back to the cell before it is absorbed. With an 
increase in dro]) size, distances become greater, absorption is 
greater and the probability of the rays being reflected back to 
the cell is smaller. In the isolation of single bacterial cells by the 
micro -pipette, small drops are an important factor in succenss 
(Wrighit, 1929). However, there is no definite experinumtal proof 
that allelocatalysis is a radiation phenomenon. 

The alk'loeatalytic effect is not limited to imietfllular orga- 
nisms. A vt^ry pretty exemple of mutual stimulation has been 
observed by Frank and Kiirepina (1930) with the eggs of a sea 
urchin. With 10 to 20 eggs per drop of sea water, development 
went much more* rapidly than if there were only a very few 
eggs per drop (see Table 43). Jt will be shown later that sea urchin 
eggs at this stage of development are good senders as well as 
good detectors. However, here too, a chemical mutual influence 
was not excluded. 


B. HIGHER PLANTS 

The first mitogenetic sender and the first detector was the 
onion root. It is c^stablished beyond doubt that the tip of the 
onion root radiates. This radiation is not entirely diffuse, but 
most of it points qiiite distinctly in the dire(;tion of growth. 
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Table 43. Development of Sea Urchin Eggs 




Number of Eggs per Drop 



1.-2 

3—6 

10—20 

Experiment 1 

'->/ 

1 

O/ 

/o 

/o 


not motile 

31 

6 

17 

40 hours after 

slightly motile 

j 23 

34 

9 

fertilization 

distincctly motile 

46 

40 

28 


actively motile 

0 

20 

46 

Experiment 11 





not motile 

75 1 

0 

0 


slightly motile 

25 1 

26 

4 

42 hours after 

distinctly motile 

10 

40 

12 

fertilization 

actively motile 

0 

34 

60 


beginning gastrula 

0 

0 

16 


p(*rfect gastrula 

0 

0 

1 8 


According to GnitwiTSCH, some negative results obtained with 
onion roots are very likely due to inaccurate dire(^tion of th(^ 
mitogenetic^ beam. 

Onion roots radiate only as long as they arc connected with 
the bulb, or at li'ast with a part of the bulb. Radiation (U'ases 
at onc(* wh(*n the root is severed from the bulb. (Thc^ roots of 
th(* sunflower [Ilelianthus], liowev'^er, (lontinue to radiate after 
being cut from the jdaiit; they also continue to grow for a con- 
siderable' time after being severed.) 

This suggests that the substances which are the source of 
radiation are (centralized in the onion bulb, and especially in 
its base. When the base is (cut from the bulb, it radiates weakly. 
The i)ulp of the base, howev(*r, radiates strongly, and has been 
used as a strong source of mitogenetic rays in the* early ('xperi- 
ments. After approximately half an hour, radiation ceases. 
The s])ectrum of the pulp is purely oxidative, and its cessation 
is in all probabihty due to the completed oxidatiem of some' un- 
known compenmd by tlu' oxidases of the root. Hecat destroys 
tlie radiating power which strongly suggests that an enzyme 
is the active part (Table p. 38). Heated pulp mixed with ex- 
hausted pulp starts to radiates anew, the heated pulp furnishing 
the compound to be oxidized and the exhausted pulp supplying 
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Table 44. Radiation Spectra of different parts of the onion 





Induction Effects 




1900— 

I960— boOO— 

2060— '2130— 

2200— 

2260— 

2330— 


1950 

2000 

2060 

2130 

2200 

2260 

2330 

2410 

Onion base pulp 
Severed roots 

1 

—5 

+6 

—4 

-f-4 

+ 7 

+57 

+87 

(secondary 
radiation) . . 1 

1 

44 

43 

4 

10 

37 

4 



Intact roots i 









(normal radi- ' 
ation , from ; 
tips) .... 


32 

_2 

—2 

39 

—3 

— 3 

— 5 


the oxidase. Gubwitsch has used the words mitotin and mitoUise 
for these two essential factors. Considering the oxidative spec- 
trum of the pulp, there can be scarcely any doubt that mitotase 
is an oxidase. The new terms might better be discontinued because 
they are likely to be considered as introducing a mysterious new 
element into life processes. 

Since the base of the onion bulb as well as the tip of the 
root radiates, it seems likely that a relation between these two 
radiations might exist. Probably, the oxidase is located in the 
onion base, and the now oxidizable material is transported to 
it continuously from the leaves through the vascular system of 
the plant. This accounts for the radiation of the bulb, but not 
for the emission from the root tips. This question has been decided 
by spectral analysis (Table 44). The bulb spectrum is oxidative. 
The normal root tip radiates glycolytically, and cannot therefore 
be caused by the same process as that of the onion base. The 
‘^secondary radiation” of the roots (see p. 110) is also glycolytic, 
regardless of the wavelength of primary radiation. It seems 
therefore most probable to assume that the normal radiation 
of the intact root tip is really a secondary radiation induced by 
the oxidation processes in the onion base. If this part is narcotized 
with chloral hydrate, the tips do not radiate. If the base is cut 
off, the root tips do not radiate. If, however, a small part of the 
base remains on the root, the tip will radiate. 

This conclusion is biologically very important. The conduction 
of mitogenetic rays through normal tissue over a distance of 
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several inches is bound to affect our conception of growth and 
of growth stimuli considerably. 

Some other evidence supports this explanation. The potato 
radiates when cut, but only from the leptome fascicles ; portions 
free from leptome are inactive (Kisliak-Statkeamtsch, 1927). 

A very interesting investigation concerning the radiation 
of sunflower seedlings has been carried out by Frank and Sai.- 
KIND (1926). It was found that radiation can be obtained from 
the root tips, from the plumulae (th(' first young leaves) and from 
the cotyledons. However, only the very c(mter of the cotyledon 
edge radiated, and no other part of these organs. Failure with 
one cotyledon which showed an abnormal curvature of the central 
vein led to the discovery that radiation arises from the vascular 
system. How mitogenetic radiation is conducted from the vascular 
system to the growing parts of the plant, the meristem, without 
great loss of energy, is unknown. It seems improbable to assumes 
total reflection from the vascular walls. Either this or (complete 
absorj)tion appear the only way to explain the absence of radiation 
from the sides of the sunflower cotyledons. 

Vi^ry little cxp(irinicntation has bc^en done with other plant 
tissues, and though mitogenetic radiation started with plant 
tissues, we know mu(;h more *about radiations from animals 
than from plants. 

The pulp of timiips radiates when 24 hours old (Anna 
Guravttsoh); the pulp from ^edum leaves does not radiate wh(*n 
fresh, but after 18 hours, it begins and continues until 24 hours 
old. After 48 hours, radiation has disay)i>eared (Gurwitscii, 1929). 
Since neither of these two experiments were carried out asepti- 
cally, and no accurate record was made of the number of bacti^ria 
and yeasts growing in the pulp, they cannot be considered as 
exact proofs of radiation. A priori^ we should expect these crusht^d 
tissues to radiate because they must contain oxidase. 

The radiation of wounds in plant tissues will lx? discussed 
together with the wounds of animals on p. 173. The plant tumors 
will be discussed on p. 178. 

So far, the discussion on higher plants has been limited to 
the emission of rays. Just as important is tlui reaction of plants 
to mitogenetic rays. There are innumerable data on experiments 
with onion roots. The facts as well as the interpretations have 
been discussed in great detail in preceding chapters. 
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No other part of grown plants or seedlings has ever l>eeu 
tiied as detector. We cannot as yet form any opinion about the 
bearing of mitogenetic radiation to total growth, to the form- 
controlling factors and to the reproductive mechanism of higher 
plants. 

In the ease of mold spores (see p. 80), while they have been 
shown to react upon mitogenetic rays, thc^y are also senders, and 
muto-induction effects have been obtained. 

C. EGOS AND EMBRYONIC STAGES OF HIGHER 
ANIMALS 

(a) Eggs as t^enders. The eggs of animals are strong sendt*rs 
as well as good detectors, as far as they have been investigated. 
Fbank and Salkind (1927) observed that with eggs of the arctic 
sea urchin Strongylocentrotus Drobachensis, radiation does not 
begin immediately after fertilization; it occurs approximately 
1 hour later, and continues for about 1 hour (Table 45). At 
this time, the amphiastor stage is reached. The first cleavages 
furrow appears after 2 hours and 45 minutes. For 1 hour before 
and for 30 minutes after the first cell division, there is no noticeable 
emission of rays. Half an hour after the first division, radiation 
begins again. 

Warburg (1909), experimenting with the MediteiTaiu*an 
species StrongyloceMtrotus lividus which produces the first cleavage 
furrow in 40 minutes, had observed a large increase in the rate 
of respiration of the egg 10 minutes after fertilization. These 
10 minutes would correspond to about 40 minutes in the arctic, 
species. The increase in oxygen consumption begins about 20 
— 30 minutes earlier than radiation. Herlant (1918) observed 
a great increase in permeability 2 minutes after fertilization. 
Gurwitsch (1932, p. 99) assumes that a prophase of the “mitotase” 
diffuses from the egg plasma, becomes activated on the egg surface, 
and acts upon the “mitotin” which also diffuses out. The chemi(?al 
reaction furnishing the radiant energy would thus take place on 
the egg surface, and not within the egg. 

(b) Eggs as Detectors : Fertilized eggs not only send out 
rays, but also respond to radiation. Maxia showed in 1929 that 
sea urchin eggs can be stimulated in their rate of development 
by mitogenetic rays. Zirpolo’s data (1930) on the same subject 
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Table 46. Effect of Sea Urchin Eggs at Different Stages after 
Fertilization upon Onion Roots 





! 

Time after Fertilization 

Number of Mitoses 
Control 1 Exposed 

Induction 

Effect 





0 

to 

1 

hr 

+ 

10 

min . . 

167 

173 

4 - 0.3 












299 

299 

0 





0 

to 

1 

hr 

+ 

46 

min . . 

139 

203 

+46.0 




33 

min 

to 

1 

hr 

4 

50 

min . . 

216 

301 

+40.0 

1 

hr 

+ 

10 

min 

to 

2 

hrs 

4 - 

min 15 . . 

67 

109 

f62.0 

1 

hr 

4 - 

45 

min 

to 

3 

hrs 




214 

226 

4 - 0.5 












182 

186 

+ 0.2 

1 

hr 

+ 

50 

min 

to 

3 

hrs 

4 - 

15 

min . . 

92 

86 

— 0.6 

2 

hrs 


15 

min 

to 

3 

hrs 

+ 

16 

min . . 

268 

268 

0 












144 

157 

+ 0.9 





0 

to 

2 

hrs 

+ 

46 

min . . 

423 

568 

+34.0 












262 

340 

+ 35.0 


are given in Table 27 p. 82. Salkind, Potozky and Zogltna 
(1930) proved the same for the eggs of tlu^ protoannelids Hacco- 
cirrus j)aj)illocercMS and Protodrilus bobrezkii. Th(* eggs emitted 
mitogenetic rays during their development, and vice versa, their 
development was accelerated by the rays from isolated frog 
hearts, crab hearts or the hemolymph of crabs. After an exposure 
to these radiations for 5 to 10 minutes, a greater percentage of 
furrowed eggs was observed in 23 out of 20 (*xperiments. The 
mutual stimulation of sea urchin eggs has already been mentioned 
on p. 137, as example of allelocatalysis. 

According to Wolff and Ras (1934 b), the eggs of Droso- 
phila melanogaster are good detectors. They were exposed for 
15 to 30 minutes to a broth cultim^ of Staphylococcus aureus, 
3 hours old, in quartz tubes, and the percentage of hatching eggs 
was ascertained in (‘qual time intervals. Table 45a shows that 
at the same moment, always more irradiated eggs had hatched 
than unirradiated ones. 

(c) Embryonic and Larval Stages as Senders: The 
most detailed earlier investigation of this kind is that by Anikin 
(1926) with the embryos of the axolotl (Ambystorm tigrinum). 
From very young embryos, with open medullar furrows, the 
medullar plates were dissected, ground to pulp and used as sender. 
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Table 45 a. Effect of a Culture of Staphylococcus aureus upon the 
Rate of Hatching of the Eggs of Drosophila 


Controls 


Irradiated Eggs 

Percentage 

No. 

No. 

Per cent 

No. 

No. 

IPer cent 

Time of 

Increase 

of eggs 

hatched 

hatched 

of eggs 

hatched 

hatched 

irradiation 

over Control 

39 

25 

64 

51 

45 

88 

15 — ^20 min. 

24 ± 10.6 

81 

16 

18.6 

72 

30 

41.7 

15—20 

23.1 db 7.45 

52 

18 

34.6 

60 

49 

81.7 

15—30 

47.1 ± 8.1 

304 

210 

69 

312 

300 

96.1 

20 

‘27.1 ± 8.5 

324 

147 

45.4 

304 

228 

75 

20 

29.6 ± 3.7 

344 

255 

74 

327 

323 

98.4 

20 

24.4 ± 2,6 

366 

136 

37 

357 

244 

68 

20 

31 db 3.5 

118 

79 

67 

117 

98 

83.5 

20 

16.5 ± 5.6 

74 

38 

51.3 

85 

i 60 

70.6 

20 

19.3 db 7.7 

1702 

923 

54.2 

1685 

1377 

81.7 


27.5 ± 1.54 

1 

i 


:M.2 



±0.3f> 




The sanu^ was done with the rest of the embryo. As detector, 
onion roots wore used. The results are showji in Table 46. Only 
the medullar plate radiated. Then, living embryos, after the 
removal of the surrounding mucus, were placed in a glass tube 
so that either only the ventral or only the dorsal side faced the 
detector root. Even at the morula stage, the vegetative hemi- 
sph(Te did not radiate. During gastrulation, the entire blasto- 
y)ore seems to radiate. 

With shghtly larger embryos, just previous to hatching, 
the brain could be dissected out, and it was found that the brain, 
but none of the other tissues, radiated. The brain pulp of the 
fullgrown animal did not (see however p. 158). 

This agrees with the earlier statements of Gttbwitsch, 
and of Reiter and Gabor, that frog tadpoles radiate only until 
about 1 cm. long, and that the center of radiation appears to 
be in the head. Concerning the radiation of certain organs during 
metamorphosis, see p. 167. 

Among the invertebrates, the embryos of Saccocirms radiate 
during the entire stage of their development. Salkind (1931) 
found the following induction effects: 

Blastula Stage .... 30% 50% 48% 34% induction 

Gastrula Stage .... 63% 30% 30% 

Swimming Larvae . . 64% 37% 49% 32% 

Trochophore Stage . . 37% 28% 
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Table 46. Effect of various parts of the embryos of the axolotl 
upon onion roots 


Embryonic Stage 

Number c 

Control 

)f Mitoses 

Exposed 

Induction 

Effect 

o/ 

/o 

living morula stage, animal hemi- 




sphere 

750 

931 

+24 

living morula stage, vegetative hemi- 
sphere . 

428 

410 

— 4 

living embryo, before hatching ; dorsal 
side 

230 

268 

+ 16 

living embryo, before hatching; ventral 
side 

492 

1 

471 

— 4 

pulp of medullar plate 

324 

409 

+26 

pulp of embryo without medullar plate 

482 

606 

+ 6 

pulp of embryos’ brains I 

627 

832 

+33 

pulp of embryos’ brains 11. ... . 

865 

1042 

+20 

pulp of embryos’ brains III .... 

920 

1076 

4-17 

pulp of entire embryo without brain I 

724 

728 

0 

pulp of entire embryo without brain 11 

689 

696 

+ 1 

pulp of embryo’s liver 

631 

635 

+ 1 

pulp of brain of grown animal 1 

617 

632 

-f- 2 

pulp of brain of grown animal TI 

848 

847 

0 


Of the insects, only the larvae of Drosophila have hef'ii 
analyzed. They do not begin to radiate until shortly bt‘fore 
pupation, and cease to radiate 90 hours after this (s(»e also 
p. 169). 

Quite different is the behavior of the chicken embryo. SoniN 
and Ktsliak-Statkewitsch (1928) working with entire' ('mbryos 
two days old and also testing the brains of older embryos could 
find no evidence of radiation. However, during the second and 
third (lay of incubation, positive results were obtained with the 
liquefied zone around the embryo. 

(d) Embryos as Detectors. The only example of embryos 
or larvae as detectors of mitogenetic radiation is that of Beach ini 
and associates who could make the fore leg of a tadpole grow 
more rapidly by exposure to radiation (see p. 168). The morpho- 
logical changes in sea urchin larvae observed by Mac rot: may 
also be mentioned here (see p. 166). 
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D. TISSUES OP ADULT ANIMALS 

Tissues as Senders: Until recently, most of the tissues of 
adult animals had been thought to be non-radiating. If we 
consider radiation to be produced largely by the chemical reactions 
in the cells, it would seem that all tissues should radiate quite 
strongly. Gubwitsoh (1934) has given some convincing (ex- 
planations for the differences between radiating and non-radiating 
tissues. 

The very strong absorption of these short-waved rays has 
already been emphasized repeatedly. Gubwitsch found that 
extremely thin films of oil or related substances, films of practi- 
cally only one molecule thickness, suffice to absorb completely 
a mitogenetic radiation of normal intensity. On the other hand, 
equally thin films of substances capable of enzymatic cleavage, 
such as lecithin, are also capable of secondary radiation (see p. 45), 
and they will pass on radiation not as a beam, but in aU dimensions 
of the film. Thus we observe strong radiation in blood which 
contains no membrane, and in nerves which contain plenty of 
lecithin. I'hese two will be treated separately in the next two 
chapters, on account of their importance. 

The cornea of the eye is also a good sender, being a con- 
tinually renewed tissue. Wolff and Ras (1933c) consider it to 
be one of the strongest sources, about 10 times as strong as blood. 
Gubwitsch has recently favored the peptic digestion as a strong 
and fairly constant source. Other actively reacting digestive 
enzymes are likely to be good senders, but would hardly lx‘ 
considered as tissues. Potozky, Salkhsto and Zogltna (1930) 
studied the tissues of two crabs, Carcinus maenas and a species 
of Pachygrapsus ; they found the pulp from gills and from testicles 
inactive, while the hepatopancreas radiated distinctly. This 
organ is the seat of active proteolysis. Probably, autolyzing 
muscle would radiate. 

With vertebrates, negative results had been obtained by 
all earlier workers with lymph glands, testicles, ovaries, skin, 
liver, and with the resting muscle. The working muscle, however, 
proved to be very active. Negative results, particularly when 
obtained with tissue pulp, are now considered of little significance 
since better methods, especially with organs in situ, showed 
distinct radiation. 
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On p. 65, Siebbkt’s results have been given, showing that 
the muscle radiates only during work, and that pulp from resting 
muscles does not radiate, while that from active, tired muscle 
does. According to recent experiments by Frank and Keeps 
(quoted from Gurwitsch, 1932, p. 149), this result was caused 
by an irritation of the muscle during grinding. By dropping 
the organ into liquid air and grinding it while frozen, the results 
were the opposite. In pulp from working muscle, the pH changed 
from 5.96 to 5.82 during the experiment, and radiation was absent ; 
while with rested muscle, the pH changed from 6.33 to 5.85, and 
radiation was present. This refers only to the pulp, however; 
the muscle in situ radiates strongly while working, but weakly 
also when resting. 

The spectral analysis indicates that the main source of mus(;le 
radiation is not glycolysis; partly it is an oxidation process, 
partly of unknown origin. It must be remembt'rcd that there is 
no quantitative relation between the total energy liberated by a 
chemical reaction, and the ultraviolet radiation emitted (see 
p. 41). It may well be that some prott^olytic process whose 
energy output is negligible for the muscle work emits most of 
its energy in radiant form, while glycolysis, with a much larger 
total energy output, emits only a very small fraction of it as 
mitogenetic rays. 

A good example of applied spectral analysis should be men- 
tioried in this connection. Gurwitsch had been greatl 3 ^ puzzl(‘d 
in his earlier work by the observation that the very distinct 
radiation from the rabbit’s eye disappeared during starvation, 
but reappeared after 8 days of continuous starving. Several 
years later, spectral analysis brought a simple explanation 
(Gurwitsch 1932, p. 67). The normal radiation is glycolytic, 
and (teases during starvation because of lack of sugar. After 
prolonged starvation, proteolysis of the tissues becomc^s necessary 
for the continuation of life processes, and this produces a proteo- 
lytic spectrum. 

Tissues as Detectors: Only a few instances are known 
where fullgrown animals or their tissues reacted upon mitogenetic 
rays. The role of radiation in wounds will be treated in one of 
the following chapters. 

With multicellular organisms, the stimulation of the growth - 
rate is not so readily proved. In growing organs, the cells lie so 

10 * 
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closely together that the optimal intensity of radiation may 
already be furnished by the organ itself. Emanations from 
outside, if they are not absorbed completely before they reach 
the region of growth, very likely can only be harmful. 

A few instances arc known, however, where the rat(' of cell 
division is accelerated. The onion root is usually considered the 
classical example though the data have been interpreted somewhat 
differently by Reiter and Gabor (see p. 129). Another example 
is the cornea (see p. 84). Further illustrations are the effects 
of rcsorbed tissue in different stages of amphibian metamorphosis 
(see p. 167). 

These latter results together with those obtained with em- 
bryos (p. 144) suggest very strongly that the developmental 
mechanism controlling size and form makes use of ultraviolet 
radiations as well as of purely chemical means to achieve its 
purpose. This and the possibility that neoplasms, especially 
cancers arise tlirough mitogenetic^ radiation will be discussed in 
later chapters. 

Th(} only animal tissue that has been actually used as d(‘tector 
is the cornea. According to GuRmTson, it yields very good 
results (see p. 84). 


E, BLOOD RADIATION 

A (jomprehensive review of all work on blood radiation has 
been given by W, Siebert (1934) in the sec^ond volume of ,,Hand- 
bueh der allgemeinen Hamatologi(‘“. 

Blood radiates quite strongly, ev^eii in adult animals and men, 
the only exception being extreme old ago and a very ft‘W diseases 
which will bo discussed later. The blood of various mammals, 
birds and amphibia, and also the lieiuolymph of the crabs Cnrcmus 
and Pacliygrabsns and of the clam Myiilus edulis has been tested, 
and strong mitogenetic elY(?cts have always been observed. Ac- 
cording to K ANTS' EuiEssER and Kazwa (quoted from Gurwttscii, 
1932, p. 124), dog’s blood which possesses only very weak gl 3 ^- 
colysis gives very fluctuating results. 

Blood radiates within the veins or arteries as could be shown 
by removing the tissues around the veins or arteries, and exposing 
a det(‘ctor to the blood radiation through the inner wall of the 
blood vessels which is transi)arent to these rays (spectrum s(it‘ 
fig. 44). 
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Outside the blood vessel, blood loses its radiating power 
within 10 to 15 minutes; this holds also for the hemolymph of 
crabs. In hemolyzed blood, radiation can be restored by adding 
glucose. 

For radiation experiments, blood is mixed with an equal 
amount of a 4% MgS 04 solution to prevent clotting, or it is 
hemolyzed with distilled water (Potozky and Zoolina, 1929). 
It is possible to dry blood on filter paper and thus preserve its 
radiating power for 2 to 3 days. Since this might be of practical 
importance, especially in diagnostic medicine, Gurwitsch’s 
method (1932, p. 121) shall be mentioned here: 

The blood should be drawn without previous disinfection of the skin 
(iodine, alcohol) because traces of disinfectants appear to inhibit glycolysis. 
The drops are spread widely on the filter paper to prevent coagulation and 
thick layers. Drying must be accomplished very rapidly to preserve full 
radiating power; the dried sample should be kept dark. In making the test, 
detector and everything else must be prepared before water is put upon the 
dry blood. The spot is cut into very small pieces, and softened in a tiny 
shallow dish with 6 to 6 drops of distilled water, under continuous stirring. 
As soon as the water becomes dark red, it is drawn off with a pipette 
and used at once for irradiation. From the adding of the water to the 
beginning of exposure, not more than 1 to 1.5 minutes should elapse. 

Heinemani^’s method for d(itecting blood radiation has 
been mentioned on p. 72. 

With starving mammals, the blood does not radiate, but 
can be brought back by adding glucose. Potozky and Zoolina 
starved rats until they had lost about 30% of their body weight. 
The mitogenetic effects obtained with the blood of these animals 
were 

without addition — 2.5 — 5 — 2 0 

with 2% glucose 21 44 36 39 

These strong effects could be obtained only by adding much more 
sugar than is normally contained in the blood. 

A very important observation is the disappearance of blood 
radiation after continued work. Brain ess (quoted from Gur- 
wiTSOH, 1932, p. 132) investigated a number of laborers before 
and after the day’s work. Table 47 gives a few of his data which 
show consistently no radiation immediately after long- continued 
work, but normal radiation after 2 hours of rest. This must be 
considered when making blood tests for diagnostic purposes. 
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Table 47. Mitogenetic Effects from the Blood of Factory 
Workers before and after Work 


Person 

Month 

before work 

at the end of 
the day’s work 

2 hours later 

K 

October 

26 

6 


K 

January 

24 

— 1 

36 

K 

December 

45 

1 

26 

B 

November 

38 

- 3 

‘ 31 

B 

January 

28 

6 

22 

M 

January 

32 

— 6 

i '' ' 

£ 

January 

33 

2 

1 27 

1 

S 

January 

35 

—13 

! 10 

S 

January 

21 

1 12 

1 

D 

January 

26 

! 1 

30 


Wassjlieff (1934) repeated the investigation with mental work 
(calculation). The; first results showed a decrease in radiation, 
but this happened before psychic analysis showed mental fatigue, 
and it could be demonstrated that muscular work connected 
with calculation caused the decrease in radiation while th(^ mental 
work as such does not affect it. 

The spectrum of the radiation of rabbit blood from the 
streaming blood in the vena saphena is shown in fig. 44 as measured 
by Golischewa (1933). It has practically all the lines charac- 
teristic for glycolysis, proteolysis, creatin hydrolysis, phosphatid 
hydrolysis, and oxidation, and, in addition, some new lines. 
Of these latter, the lines 1920 — 30, 1940 — 50, 1960 — 70 and 
2000 — 2010 have also been found in nerve spectra (fig. 47). 

The main source of blood radiation with mammals appears 
to be glycolysis. In addition to the starvation experiments just 
mentioned, Kankeoiessek and Kawza made extensive experi- 
ments with dog’s blood, measuring the glycolytic power and the 
radiation of each sample. There was a good, though not quanti- 
tative, relation between the two. Intravenous insulin injection 
reduced glycolysis and radiation to zero. In some cases, addition 
of glucose (probably in overdose) interfered with radiation. 

Rat blood treated with heparin loses its radiation by NaF, 
but not by KCN. This suggests glycolysis, which is affected by 
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NaF, but not by KCN. Hemolymph of crabs, liowevcr, loses its 
power promptly in the presence of 0.0001 molar KCN, and so 
does hemolyzed rat blood. This suggests that in normal rat blood, 
glycolysis is the dominant source, but in hemolyzed blood, and 
in the blood of crabs (which contains no hemoglobin) oxidation 
is the deciding reaction. 

Of the various fractions of th(‘ blood, the serum radiates 
immediately after the blood is taken from the animal, but loses 
this power rapidly. It continues, however, to jiroduc;e secondary 



Fi^jure 44. Above: si)cctrum of streaming blood in the artery of a rabbit. 
Below: the combined s}>ectrum of 6 common biological processes (oxi- 
dation — 0, glycolysis ^ G, creatinin hydrolysis C, j)roteolysi8 — N, 
phosphatid hydrolysis 1^). 

radiation, even after several months (p. 43). Tht‘ ieu(;oeyt('S, 
polynuclear as wcdl as lymphocytes, radiate distinctly but not 
very strongly, according to Klenitzky (1932). The spe(^trum 
indicates glycolysis, oxidation and j)hosphatase action, and pro- 
bably proteolysis. 

The intensity of blood radiation is greatly changed afttu* 
wounding (see p. 174). During the metamorphosis of amphibia, 
it varies enormously in the different stages of d(‘velopment. 

Protti (1931) observed a great decline or complete abstaicc' 
of radiation in blood during senihty, and this result was (ionfirmed 
by Heinemann (1932). In consequence Protti injected blood 
from young persons into old ones. Distinct (dinical evidence of 
“rejuvenation” by this treatment has been claimed, and the 
blood of old people thus treated radiated again. Table 48 gives 
some of Protti’s results. 

A somewhat different way was used by Heinbmann and 
Seyderhelm to renew blood radiation in old persons. In his 
effort to find the reason why ultraviolet light was beneficial to 
animals, Seyderhelm (1932) succeeded in isolating a compound 
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Table 48. Mitogenetic Effects Produced by the Blood of Old 
Persons After Injection of Blood from Young Persons 


Blood Group 

1 ^ 
young blood 

Mitogenetic Effects 

i 1 1 old blood after 

old blood 1 . . .. 

j I injection i 

Clinical 

Results 

A 

70 

6 

30 

very good 

A 

i 20 

3 

4 

none 

A 

1 60 

29 

38 

• good 

A 

1 70 

15 

38 

very good 

A 

20 

10 

10 

little 

A 

80 

30 

53 

very good 

B 

j 72 

16 

32 

1 good 

0 

81 

24 

40 

very good 

0 

62 

30 

37 

good 

0 

22 

17 

20 

little 


from th(^ blood corpuscles which ho called cytagenin. When this 
substance was injected into healthy persons, it increased blood 
radiation (fig. 45). With patients suffering from anemia, it washed 
the newly-formed blood corpuscles out of the bone marrow and 
produced a normal blood picture (Heinemann, 1932). This 
was possible in all oases of secondary anemia, but not in pernicious 
anemia in which the bone marrow no longer produces blood cells. 

When injected into patients 70 to 80 years old, without 
blood radiation, cytagenin produciKl either no effect or a slight 
depression effect during the first days, but after 1 to 2 weeks, 
the blood began to radiate, and repeated tests showed no decrease. 
How long these experiments were continued, Heinemann did 
not state. 

The blood of asphyxiated animals does not radiate. It los(\s 
this power before the animal is dead, even when the process is 
still reversible. 

Quite remarkable is the persistence of blood radiation during 
illness. L. Gurwitsch and Salkind (1929) obtained radiation 
from the blood of tuberculous guinea pigs until almost imme- 
diately before death. Diabetes, lues, osteomyelitis and ulcer of 
the stomach did not decrease blood radiation. The only diseases 
which showed this conspicuous absence were leucemia, and severe 
septicemia with high fever (also poisoning with nitro-benzene), 
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and cancer. This was verified by Siebert who observed absence 
of radiation in severe cases of sepsis, pneumonia, and scarlatina, 



Figure 45. Increase of blood radiation by injection of cytagenin. 

At loft: black indicates radiation before injection, white after injection. 
1 and II are normal healthy persons, 111 is a very old person, 
jy is a carcinoma patient. — At right: the effect of repeated injections 
upon a carcinoma patient. 


and by Gesenius (1930). Heinbmann (1932) added chronic 
tonsilitis to this non-radiating group; in some cases, radiation 
appeared again soon after the removal of the tonsils. 


Fig. 46 shows the results 
obtained by Gesenius (1930) 
who measured blood radiation 
by the decrease of yeast re- 
spiration (see p. 84). Since 
only very few easily recognized 
diseases prevent blood radiat- 
ion, it can be used for the 
diagnosis of cancer (see p. 180). 

A very comprehensive re- 
view of his extended research 
on blood radiation has been 
given by Protti (1934a). All 
measurements refer to appar- 
ently healthy persons, and are 
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Decrease of Despirafion 

Figure 46. Decrease of respirat- 
ion of yeast irradiated with the 
blood of healthy and sick persons. 
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made by the yeast bud method by means of the hemoradio- 
m(‘ter (p. 66). In a large number of tables and graphs, he 
demonstrates the decrease of radiation with age, the stronger 
radiation of tall, slender people as compared with short indi- 
viduals with a tendency for stoutness, and the slight increase of 
male over female blood. In the same individual, radiation in- 
creases I to 2 hours after each meal, and decreases with physical 
fatigue. During the winter months, it is slightly lower. It is 
increased by high altitudes, also by a trip to the sea shore, 
further by inhalation of oxygen, though in this latter case, the 
effect does not last more than one hour. Menstruation and 
pregnancy have characteristic curves. 

Protti states that even among healthy individuals, “normo- 
radiant, hypo-radiant and hyper-radiant” types can be disting- 
uished, all reacting in a parallel manner upon the same changes. 


P. NERVE RADIATION AND THE CONDUCTION OF 
STIMULI IN ORGANISMS 

The results obtained with secondary radiation led Gur- 
wiTSCH to the idea that possibly secondary radiation might be 
a controlling factor in the conduction of stimuli in plants and 
animals. Let us recapitulate briefly the facts obtained with 
onion roots (see p. 140). 

Irradiation of the older, upper part of the severed root 
produced radiation from the tip. Irradiation of the tip produced 
radiation from the older tissue. The impulse was conducted 
longitudinally at the rate of approximately 30 meters per second, 
but there was no conduction to the diametrically opposite side 
of the root. 

Later, Frank observed that the same held true for muscles. 
The resting sartorius muscle of a frog when irradiated biologi- 
cally at a definite place for 10 seconds emitted a strong mito- 
genetic radiation from a place 20 mm . away. In fact, at a distance 
of 20 mm., the effect was much stronger than at 10 mm. ; the 
intensity had increased by conduction. 

These results, together with the discovery of secondary 
radiation in nerve tissue, inspired in Gxjrwttsch the bold thought 
that conduction of stimuli in nerves and muscles may be ac- 
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complislied or aided by secondary mitogciK'tic radiation. This 
statement is possibly too blunt, but it expresses in a few words 
the ultimate' aim. Gurwjtsch himself (1932 a) says that this 
theory may appear bold, but it seems justified to approadi it 
experimentally, on account of several suggestive facts. 

One of them is the possibility of studying, by nn'ans of the 
mitogenetic spectrum, the metabolism of the nerve in the resting 
and in the excited stage. It is evident that the chemical analysis 
can give only a rather incomplete picture of the chemistry of 
nerve stimulation, because it involves dt'stniction of the n(*rv(j, 
while radiation can be observed without injury. TIk* result of 
the spectral analysis of nerve radiation has, as a matt(‘r of fact, 
revealed some chemical processes which had not as yet Ix'c'ii 
discovered by chemical analysis. 

The views concerning nerve radiation have undergone 
considerable change with the improvement of the nu'tliods. 
The older experiments by Aniktist with the brain of adult sala- 
manders (see p. 145) and those by Keitek and Gabok (1928) 
with the sciatic nerve of the frog gave negative results. They 
were confirmed by Wassjliew, Frank and Golden bero (1931) 
who obtained positive results only with the olfactory nerve* of 
the pickerel. By using the yeast volume (p. 73) as detector, 
Kalendakoef (1932) not only proved that the sciatic nerve of 
the frog radiated distinctly, but he could also study its spectrum 
by using intermittent exposure. 

The spectrum was determined with resting as well as with 
irritated nerves. Irritation of the nerve was accomplished either 
by cutting into it (traumatisation), or by electrical tetanization 
with platinum electrodes 3 — 4 mm. apart, 8 — 12 shocks per 
minute (faradisation), or mechanically, by hitting with a light 
hammer, intermittently. All experiments were conducted with 
intermittent exposure by the rotating disk (see p. 105). This 
not only increased the intensity of the effect, but also eliminated 
the possibility of secondary radiation from the nerve induced 
by the yeast detector. 

The minimal total exposure required to bring about mito- 
genetic effects was approximately 6 minutes with the resting 
nerve and 2 — 3 minutes with the excited one. The detailed 
spectra are shown in fig. 47. The rather surprising fact was revealed 
that different kinds of irritation produce slightly different spectra. 
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Further, it was found that radiation at the point of irritation 
differs from that of the same nerve a short distance away. 

The spectra (of which each 10 A strip is the result of at 
least three determinations) show five well-known chemical pro- 
cesses : oxidation, glyc.olysis, phosphatase action, cleavage of 
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Figure 47. The spectra of the sciatic nerve of the frog under different con- 
ditions. The lowest lino represents radiation from the optical nerve in situ. 


creatiniii jihosphate, and de-aminisation of amino acid A few 
lines wen’ observed also which cannot at present be accounted for.^) 

These five chemical j^rocesses agree with chemical inv(‘sti- 
gations on nerve metabolism. Strange is the absence of certain 
lines. In mechanical and electric irritation, most of those con- 
cerned with dc-aininisation arc missing, and in the electrically- 
stimulated nerve, the glycolytic regions are absent while’ in the 
spectrum of the same nerve, 20 mm. removed from the zone' of 

Two lines of the glycolytic spectrum, 1930 — 40 and 1960 — 60, are 
missing in most of the nerve si)ectra while they aU have the neighboring 
lines 1940 — ^50 and 1960 — 70. This may be due to a slight shift in the cali- 
bration of the instrument. J^ine 2410 — 20 might also be accounted for in 
this way, as a shift of the preceding line to the right, or rather an error in 
the calibration to the left. 

However, the line 2000 — 10 in more than half of the spectra and 
2370 — 80 in 3 of the spectra cannot be explained by the same error of 
calibration. 
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irritation, they are present. The creatinin lines are absent in 
mechanical stimulation. The spectra of nerve conduction lack 
entirely the phosphatase lines. 

This difference in the spectra raised the question of “ad- 
equate” nerve stimulation. A good example of this has been 
furnished by Anna Gub-witsch (1932) with the optic nerve of 
the frog. After decapitation and removal of the lower jaw, the' 
optic nerve was laid bare by dissection from the roof of the mouth. 
A small window, 1.5x2 mm., is sufficient to permit access to 
tiu‘ chiasma and tracti optici with part of the optic nerve. The 
radiation from this was tested in the darkroom while directing 
a beam of light on one of the eyes. 

Increase in number of yeast cells by dire(;t microscopic 
(iount was the method used to prove the radiation. The re- 
sults were always positive whik^ controls without illumination 
of the eye showed consistently no effect. 

The spectrum is shown in the lowest line of Figure 47. It 
agrees essentially with those by Kalendaroff. It has also some 
unknown lines agreeing with Kalenoaroff’s. Those corres- 
ponding to proteolysis (de-aminisation) are present only in part. 

These experiments have revealed that there are diff(*rences 
in the metabolism of the resting and the excited nerve, and that 
even tlui type of (excitation may change the spectrum. It might 
be well to remember here Gurwitsch’s statement that thes(i 
spectra represent “minimal si)ectra”. The established lines arc 
(loubtk'ss correcet, but there* may b(* other lines too W(iak to be 
recorded by the detectors used. 

These fine results induced Anna GirRWiTsoii (1934a) to 
approach the more fundamental question whether this radiation 
of the optic nervt^ after illumination of the eye was only a simpk* 
secondary radiation, or represented an important functional 
part of nerve conduction. She laid bare the optic iutvo, the 
optic lobes, the medulla oblongata and the spinal cord of living 
frogs, and kept these parts covered with the skin. For several 
hours after the operation, all nerves radiated strongly, but 24 
hours later, lobes and hemispheres did not radiate whik* medulla 
and spinal cord usually continued to radiate weakly. As soon 
as light was directed onto the eyes of the frog, the lobes and 
hemispheres radiated strongly while the medulla and spinal 
cord did not change. 
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When the optic lobes were still in the excited stage from 
the operation, they did not react promptly upon illumination 
of the eye. This suggested an interference between traumatic 
radiation and normal reaction upon optic irritation. The explana- 
tion could be verified by irritating electrically the sciatic nerve. 
Before the circuit was closed, the lobes reacted strongly upon 
illumination of the eye ; when the current was applied, the reaction 
upon light was weak and irregular; after ceasing the irritation, 
but continuing illumination, radiation ceased completely for a 
short time, and after that, the normal strong eflect appeared. 

It had been shown at this time (p. 46) that secondary 
radiation usually is a n^sonant radiation responding only to th(^ 
wave lengths characteristic for it. Anna GurwiTvSch vstudicd the 
reactions produced by various spectra applied to the chiasma 
of the optic system. The emission from an electrically irritated 
nerve made the lobes radiate weakly, while the hemispheres 
showed no effect. Yeast radiation, however, induced strong 
radiation in both. Addition of the glycolytic component (1900 
— 1920 A from a monochromator) to nerve radiation produc(‘d 
also good radiation in lobes and hemispheres. 

The spectrum of the radiation of the lobes contains always 
glycolytic lines even when radiation has been brought about 
by exposure of the chiasma to rays from the oxidation of pyro- 
gallic acid which are very different from those of glycolysis. It 
is, therefore, not a mere secondary radiation, but indicates the 
release of an unknown independant chemical reaction in the 
optic lobes. 

The extent of radiation in a nervous system during illu- 
mination permits thus the experimental approach to the problem 
of localisation of functions in the brain. 

In another paper, Anna Gubwitsch (1934 b) obtained differ- 
ent spectra from the hemispheres of the frog brain when the 
eyes wore illuminated with different colors. Green hght produced 
the lines of glycolysis, proteolysis, oxidation and phosphate 
cleavage. With red light, the last mentioned part was missing, 
and with blue light, there were no proteolytic lines. Probably, 
the metabolism of the nerve was not changed completely, and 
all lines were present, but their relative intensity was varied. 

The intensity of the colored lights used and the wave lengths 
of the colors are not mentioned. 
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The effect of the intensity of light was tested by Anna 
Gurwitsch (1932) by varying the distance between light and 
eye from 6 to 18 cm. (i. e. varying the intensity from 9 to 1) 
and determining the necessary exposure time. The result was as 
follows : 

Length of Exposure . . 1 3 5 10 15 20 25 30 35 seconds 

Induction Effect at 6 cm. 5 19 22.5 4 — — — — — 

InductionEffcct at 18 cm. — 14 — 4 4 13 16 6 

The weaker light (18 cm. distance) requires a longer time to pro- 
duce the effect, but there is no appreciable difference in the 
intensity of the effect. 

It could further be shown that continued exposure to light 
produces a long after-effect if the head is cut from the animal; 
in the living animal, however, radiation ceases when the eye is 
darkened (see Table 49). 


Table 49. Mitogenetic Effect of the Optic Nerve after 
illumination and darkening of the eye 



Seconds of 

Mitogenetic Effect 


Exposure 

dark 

light 

second darkening 

Isolated Head 

20 

i 

2 

22.0 

21.8 


20 

2 

14.5 

12.0 


20 

—6 

20.1 

14.6 

Living Animal | 

15 

—4.5 

22.5 

—2.0 


10 

0 

15.5 

—2.6 


Anothc^r important advancement in the effort to correlate 
nerve conduction with mitogenetic radiation is the accurate 
measurement of the velocity of progress of secondary radiation 
in the sciatic nerve. Latmanisowa (1932) found this to be 302t3 
meters per second (see p. 112) and this agrees, within the limits 
of error, with the rate of conduction of nerve stimuh. 

Very suggestive, though not positive proof, are also the 
experiments by Latmanisowa on the “fatigue” of the nerve 
by continued irradiation with strong light (see p. 111). 

Later publications by Latmanisowa (1933, 1934) have 
added another impressive fact to prove the role of mitogenetic 
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rays in nerve conduction. By exposing the sciatic nerve, with 
the attached muscle, in a moist chamber for about 2 hours to 
the radiation from protein digestion, the nerve showed all symp- 
toms of parabiosis. 

Two electrodes touched the nerve, and the place between 
them was irradiated. For about 2 hours, the nerve reacted nor- 
mally upon electric impulses, causing a stronger muscle contraction 
with a stronger impulse. After this time, the nerve became at 
first more excitable, but soon the muscle reactions became weaker 
and weaker, and then, the typical parabiotic stage set in, the 
contraction being stronger when the impulse was weaker. Finally, 
the nerve ceased to react altogether, and it took two hours after 
the removal of the mitogenetic source before the nerve had re- 
covered, and its reactions became normal again. 

This experiment has been repeated more than 40 times with 
the same success. Controls with gastric juice without protein 
were not affected. The nerve outside of the irradiated zone reacted 
normally at the same time when the exposed part of the same 
nerve showed parabiosis. The author quotes a paper by Lapitzki 
who obtained the same effect by rays from a mercury vapor 
lamp in a few minutes. 

Tht^ nerve at the parabiotic stage has not ceased to radiate ; 
on the contrary, the emission seems to be much stronger than 
that of the normal nerve. 

It has not been possible as yet to produce musch^ contraction, 
or a corresponding effect, by irradiating a nerve. This may be 
due to the absence of an “adequate"’ stimulation. Perhaps, a 
combination of definite wave lengths is necessary to produce 
such effects. The one example of true adequate stimulation are 
the above-mentioned experiments by Ahiha Gubwitsoh with 
the optic nerve. 

It seems too early to speculate on the relation between the 
mitogenetic radiation of nerves and the action current. Though 
a number of physiologists oppose this idea, it does not seem 
impossible that the two observed facts may be some time be com- 
bined to produce a more comprehensive explanation of the 
nerve mechanism. 
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G. iHORPlIOLOGIOAL EFFECTS 

While tlie classioal example of morpliological ('tlVcits ])ro(hu*e(l 
by biologieal radiation is that of sea urchin larva(‘, they shall 
be preceded, for the sake of logical arrangcunent, by a short 
note on iinieellular organisms. 

1. Yeasts and Bacteria: Christiansen (]J)2S) observc'd 
striking morphological changes in y(‘ast cells as W(‘ll as bacteria 
under the influence' of radiations emanating from menstrual 
blood. It seems that most of these expe'riuKUits we're' e'arrieel out 
without exclusioTi of eLemical elfects from ve^latile substane*e's 
e)f the ble)od, but the same effects coulel be' obtaine'd when a 
(juartz ce)Ve‘rglass prote'e-ted the test organisms pe'rfe'ctly against 
vaj)e)rs from the blood or fremi outside'. 

At times, the blemd was strong enenigh to kill microorganisms ; 
more commonly, it affected the'ir e^ell forms. With Bacteriutth 
eoli, the' non -motile ce'lls immeeliate'ly abe>ve the elrop e)f ble)eKl 
were 3 to 5 times as long as the farther removed e^ells ; Bacterium 
v'ulgare lost its pellicle formation; Lactobacillus bulyaricus grew 
to lemg threads withenit e*e'll division; Oidium fornu'el ne) e)ieiia. 
Streptococcus lactis and cremoris diel not a|)pear te) be' change'd 
morj)hoIe^gically. 

Just as striking wen-e the changes in yeasts. Freejuently, 
retardation of growth was aceornpanied by an e'ne)rme)us expansie)n 
of vacuoles, leaving the' ])rotoplasm only as a very thin laye'r 
arounel the cell membrane. In other cases, there was a ele‘ciele*d 
tende'ne^y to grow intej hyphae. Still other cultures showe'el for- 
mation of giant cells. 

Similar morphological changes e^oulel be produced by exposures 
of yeast to saliva of appare^ntly normal pe*rsons (KERenise)N, 1932). 
Particularly the large splmrical (iells with tremendously exte'nde'el 
vacuoles and with complete loss of granulation are consielereel 
typi(*al “saliva cells”. It has nejt be'en possible, how(‘.ver, to 
product' these saints forms by interposing a quartz covt'rglass 
between saliva and yeast. Thus, the physical nature of this 
phenomenon is not proved. On the other hand, it is evidc'ntly 
not a purely chemical effect of some saliva constituent because 
the yeasts grew quite normally in mixtures of equal volunu's 
of saliva and raisin t'xtract; these culture's must have obtained 
more saliva constituents than could possibly distil over from the 

Protoplasma -Monographien IX; Rahn 11 
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saliva droj) to the yeast culture. These ex])erinients, as well as 
those by C^hristiansen, were made in hanging droplets on a 
eoverglass which was sealed to a moist chamber slide with vaseline 
or lanolin; the “sender” was at the bf)ttom of the cavity. 

By th(‘ sam(' method, the effect of plants upon the morphology 
of yeasts was studied. Tt was found that most parts of the various 
plants stimulated yeast growth considerably, and also produced 
great niorphologi(^al (;hang(‘S. The most sensitive yeast was 
Sacdiaromyces Mycoderrmi puuctisporus tluiLLtEimoNi^ which 
was frequently greatly elongated so that it appeared under tlu' 
low power like a mold colony. However, trut^ branching was 
nev(‘r observed, and the growth resembled more that of a Monilia 
Fig. 48 shows the (fhang(‘ producc'd by exposun^ to a young agar 
culture of the same species. Some of the wine yeasts also showetl 
changes of cell form and size. 

Seed embryos, pollen, and roots produc(‘d the strong(*st 
effects; leaves, the weakest effects. 

These results could not usually be repeated with the inte^'- 
position of a quartz (eoverglass b(etw(‘en yeast aiMl sendiT. "tfnly 
the one or the other symptom appeared occasionally (see fig. 48), 
but scarcely ever the (complete set of morphological change's. 
However, the steam distillates of carrots or potatoes, when added 
to the culture' me'dium in large amounts did not affect the' mor- 
phology; nor did the juice of crushed carrots produce any change. 
When the sender was poisone'd ejhemically, killing all cell activity, 
no effects we're observed. 

Perhaj)s we are dealing here with a combined chemical and 
physical effect, such as Stempell (1932) assumed to be rather 
common in nature. 

In the author’s laboratory, Mrs. Barnes has isolated a ba- 
cillus which through a quartz eoverglass, will change morphologi- 
cally the yeast cells, giving them the appearance of “saliva 
types”. 

2. Sea Urchin Larvae. It has already been discussed on 
p. 86 that sea urchin eggs, when exposed continously to mito- 
genetic rays from various sources, develop into very abnormal 
larvae. It has also been stated there that recently, it has been 
suggested that this is not due to a real radiation, but to an 
electric effect. Microphotographs of these forms are shown in 
fig. 49. 
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J. and M. MAimou (1931) have studied the abnormal larvae 
histologically, and have come to the conclusion that they are 
primarily due to overproduction of the mesenchyme, wliilt' the 
ectoderm and endoderm appear normal (fig. 50). This giM‘s a 
simple explanation of the morphological changes by the mito- 



Figure 49. luarvac of the sea urchin. Paracentrotm Uvidus. 

I. (Jontrol, untreated. 

II. Same origin and age as /, but exposed continuously through quartz 
to an acid solution of pheno 8 a:^anino reduced by KHSO 3 . 

III. Control, fertilized with normal sperm. 

IV. Eggs of the same origin as III, but fertilized with sperm exposed 
for 46 minutes to the same solution as II. 
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genetic effect. However, there considerable difference in the 
reaction of ectoderm and endoderm cells on one side, and mesen- 
chymatic cells on the other. The former are not essentially 
affected (there may be some retardation eventually), while the 
mesenchyme* grows entirely out of bounds though it is really 
protected against radiation by the outer cell layers. 



Figure 50. Cross section through sea urchin larvae. 

Left: the normal larva. -- Right: larva exposed to the radiation of 
Bact. tnmejadens. 

h = mouth; blast =- blastophore; ect = ectoderm; e7td - endoderm; 
eat — stomach; int ^ intestine; mes -= mesenchyme; oes oesophagus. 


The most remarkable fact is perhaps the observation that 
the irradiation of the sperm alone or of the unfertilized ovum 
alone will suffice to bring about the same morphological changes. 
Thus, the radiation received by the single egg or sperm cell 
affects the entire future development of the larva, and the sti- 
mulus received by such a cell affects only one part of the offspring, 
i. e. the mosenchymatic cells. 
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3. Metamorphosis of Amphibia. The role of mitogenetic 
radiation in the metamorphosis of amphibia has been studied 
extensively by Blacker and his associates. The most detailed 
investigation concerned the development of tadpoles. 

The following developmental stages are distinguished: 

Stage I : hind legs differentiated 

II : hind logs scarcely motile 

Ilia: hind legs actively motile, belly rounded, forelegs not visible 
through the skin. 

mb: belly becomes loan, elbows of forelegs distend the skin. 

IV : forelegs arc out; tail has full length 

Va: about one-fourth of the tail is resorbed 

Vb: about one-half of the tail is resorbed 

V c : about three -fourths of the tail is resorbed 

VI : the entire tail is resorbed; metamorphosis completed. 


Radiation arises from thci resorbed tissues. The newly- 
formed fore or hind legs do not radiate. The intensity of radiation 
was estimated by the amount of the mitogenetic effect (yeast 
bud method) which is not a particularly good measurt*. The 
results arc shown in fig. 51. All organs radiate only during their 
resorption. The gills initiate the process, followed closely by the 
intestine which is shortened considerably, the main shortening 
occurring at tlu^ time the forelegs develop. When the gills arc^ 
almost completely resorbed, the tail begins. Other parts of the 
tadpole were tried, e. g. the back of the skill, but they did not 
radiate. 

In a later paper. Blacker and Liosner (1932) estimated 
the intensity of blood radiation of Rana ridibmida during meta- 
morphosis. Th(?y ascertained the minimal tinier necessary to 
bring about a distinct mitogenetic effect. The results were 


at Stage II : 5 minutes; relative intensity: normal 

Ilia: 30 minutes one-sixth normal 

mb: 15 seconds 20 times normal 

IV : 6 minutes normal 

Vb: 30 seconds 10 times normal 

VI : 6 minutes normal 


The strongest blood radiation coincides with the stage where 
gills, intestine^ and tail are all near the maximum of radiation. 
Otherwise, there is no parallelism. The second pronounced 
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maximum of blood radiation occurs after gills and intestine have 
completed their metamorphosis. 

Blacher and associates (VII) further showed that there was 
a relation between the resorbed tissue and the developing limbs, 
and that transplantation of gills increased the growth rate of 
the corresponding foreleg. Removal of the gill, or the freeing of 
the foreleg from the gill cavity where resorption of the gills occurs, 
retarded growth. Finally, it could be shown that a tadpole lying 
in a quartz -bottomed vessel will show a more rapid growth of 



Figure 51. Intensity of radiation of the resorbed organs of frog tadpoles, 
during successive stages of metamorphosis. 

the legs if the bottom is placed over pulp of tissues in the process 
of resorption. The foreleg to be irradiated was freed from its 
cavity by a cut in the covering skin, while the other leg which 
served as control remained covered, and therefore shaded against 
radiation. The result of the operation as such was that in the 
vessels with glass bottoms, the freed leg grew a little more slowly 
than its mate in the cavity: 6.5% ± 0.8 less in one series of 22 
tadpoles, and 4.5% i 1*3 less in a second series with 44 tadpoles. 
In the quartz -bottomed vessels, however, the freed legs grew 
more rapidly; 4.1% 11 more in one series of 33 tadpoles and 

7.4% i 1-2 in the other series with 51 tadpoles. The actual 
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gain by irradiation was therefore 10.6% ± 1.4 in the one set 
and 12.1% i 1.8 in the other set of experiments. The gain is 
7 times that of the average error. 

The triton Pleurodeles Waltii shows similar radiations 
(Blacher etc., Ill), though less intense; and the axolotl Am- 
by stoma tigrinum which retains gills as well as tail throughout 
its life radiates still less. 

Experiments were made also with Drosophila larvae (Blacker 
etc*., V). They do not radiate until about ready to pupate. The 
maximum intensity is reached 24 hours after pupation, and 
radiation nearly ceases after 30 hours. 

There is no direct proof that in these cases, the radiation 
of the resorbed parts had any distinct form-giving effect. Posit- 
ively established is only the radiation of the resorbed tissue, 
and an accelerating effect of this radiation upon the rate of 
development of the organs concerned. 

4. Change of Chromosome Number. It has been repeat- 
edly observed that polyploidy occurs fairly frequently in some 
individual branches of tomato plants infec^ted with Bacterium 
iumefacieMs, Kostoff and Kendall (1932) conceived the idea 
that polyploidy might be somehow linked with the strong mito- 
genetic radiation which is known to be emitted by this bacterium. 

To test this, 120 tomato plants W(‘re inocailatod with Bad. 
tumefacieiis. After the development of the tumor, the ydants 
were cut off 3 to 5 cm. above the tumor in order to induce the 
<l('velopm(mt of new shoots. Seven shoots arose directly in the 
tumor and of these, 5 could be rooted. One of them prov('d to 
bo t(*traploid. 

While these data are, of coiu*se, too scant to permit tlie 
<lrawing of conclusions, they are suggestive of a new caust‘ for 
polyploidy. 

5. Parthenogenesis by Radiation. Reiter and Cabor 
after having verified Gitrwitsch’s statement that there is always 
radiation around a wound, refer to the theory of Bataillon that 
the developmental mechanism of an t'gg is released by the wound 
produced through the entrance of the spermatozoon. He had 
succeeded in causing cell division in unfertilized frogs’ eggs by 
very fine needle pricks; only a very few percent of the eggs thus 
treated initiated development, but in some cases, Bataillon 
obtained tadpoles and even frogs by this method. 
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Reiteb and Gabob speculated that this effect was in aU 
probability due to the mitogenetic radiation of the wound (see 
wound radiation p. 173), and they reasoned that in this event, 
radiation alone, without wounding, should produce the same 
result. They exposed unfertilized eggs of salamanders and frogs, 
obtained with great precautions from the females, to various 
sources of ultraviolet. Of all the wave lengths tried, only those 
of 3340 A proved efficient (Attention may be called again to the 
circumstance that Reiteb and Gabor have always Qlaimed that 
only the rays around 3340 A are mitogenetic, see p. 60). Even 
with this wave length, only 2 unfertilized eggs of the salamander 
could be induced to develop, the first division being completed 
3 hours after the 5-minute period of irradiation. A repetition 
caused only one such egg to develop. In the controls, as well as 
in all experiments with longer or shorter irradiation, or with 
different wave lengths, the eggs died in a short time. The number 
of eggs exposed is not given, except that it was stated that each 
group contained about 5 eggs. Of these “induced eggs’^ one 
developed to 32 cells, one to the 8-cell stage. 

In a later experiment with “a few hundred” unfertilized 
frogs* eggs, 3 could be induced to start cell division by irradiation 
with monochromatic light of 3340 A. 

H. SYMBIOSIS, PARASITISM AND ANTAGONISM 

It seems very likely that biological radiations play an im- 
portant role in the mutual relationship not only of cells, but 
also of cell groups and multicellular organisms. This field of 
mitogenetic radiation has as yet scarcely been entered. A few 
isolated facts stand out plainly. 

From the material mentioned in the preceding chapters, 
biological radiations appear to be largely stimulating, or bene- 
ficial. Possibly, this conception is wrong. It may be that only 
for reasons of technique, we have been able to observe for thc‘ 
most part this one type. 

It has been shown that as a rule, unicellular organisms further 
each other’s growth. The radiation from yeast stimulates the 
cell division of many bacteria, and the rate of germination of 
mold spores. Similar effects with multicellular organisms are 
imagineable, but not proved. The radiation from an onion root 
will stimulate cell division in another root under laboratory 
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conditions, but that can hardJy occur under normal conditions 
of plant growth, with the soil absorbing all radiation. 

The rol(‘ of radiation in parasitism is strongly siiggt^stcd, 
but not proved in th(‘ cas(^ of plant tumors caused by Bact. ttimv- 
faciens. MA(iii()u (li)27r) observed that cell division in the tumor 
was not limit(‘d to tlu* immediate* presence of the* bacterial cells. 
How(‘Vcr, it was not attempted to ])rove that a tumor would 
b(* formed even if chemical eliccts by bacteria were excluded 
from action through a wall of tpiartz. 

The abnormal proliferations on the* leav(‘s and ste'ins of ])lants 
eliie to insect eggs (commonly called galls) are usually attribut'd 
to chemical irritation by the larva, but it does not s(*em im])ossibli* 
that till' young larvae* radiate strongly eluring tlu'ir I'arly p'riod 
of growth, anel cause abnormal proliferation of tissue* by irritation 
througli ultraviolet rays. 

Parasitie* existe'ne*e is limiteel to a ve*ry fi'W s])eeies of ])lants 
or animals, it is euistomary to assume that for elu'mical reasons, 
all other plants and animals are previ'iiteel from living as [>arasite*s. 
The assumption that spei'ifie; raeliations also play a part oilers 
itself naturally. Howi'ver, this assumption would imply vi'ry 
spee'ifie* radiations: either be*nefieial, which favor one* s])e'eie's, 
but none of its neari'st relatives, or, more pi’obalily, antagonistie* 
radiatiems which pri'Vi'nt growth, or e*ell division, of all species 
I'xe'i'pt the* ])arasite*: for some* reason, the iiarasite* is not affe'eTed 
])y the* harmful radiatiem. The* assum])tion of s])ee*ilic raeliations 
has ve*rv little* (*xpe'rime*ntal evidt*nee for its sup])ort. While* we* 
ai'e* still far from knowing all source's of mitogenetie; rays, all 
well-kne>wn radiatiems arise from e*ntirely unspe*e*ific bioethemie*al 
proe*('sse*s such as ])rot('olysiH, glye*olysis, oxidation, e*te*., processi*s 
whie*h are common t ei mejst plants anei animals. The pathe>ge*nieaty 
of the* typhoid bacterium te> man, but not to rats could not be* e*x- 
])lainod by eliffere'ut raeliations from the two hosts, at our present 
state of knowledge. But it must be aelmitte'el that we have no 
e'lie*mie*al explanation e*ithe*r. 

On the* e:)the*r haiiel, there has ne'ver bee'U obse*rve'el any 
s])e'eific aedion of elefinite* wave lengths ujion elefinite oi’ganisms. 
All experinu'iits so far ])oint to the conclusion that any raeliatiem 
bet wee'll 1900 and 2600 A can stimulate the eli vision of any cell, 
])lant or animal, unicellular or part of a tissue, provieling that the* 
physiological conditions permit (see e. g. fig. 2S ]>. 49). 
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It is known, of course, that an overdose of rays will not 
stimulate, and might even retard growth, but then' is no evkh'uee 
that ])arasites an' more tok'rant to radiations of this kind than 
related, non-parasitic species. While tlu' assiim])tion of specific 
radiations would be a very convenient explanation for some 
probkuns in parasitism, it has as y('t no experinu'iital foundation. 

Antagonistic Radiations: The only good case of specific 
antagonistic radiations is the investigation of Acs (1933) who 
('xperimeiited with micToorganisms known to antagonize each 
other when grown simultaneously in tlu' same culture, such as 
Bacillus anthracis and Pseudoruonas pijocifanca, or yeast with 
staphylococ(u or stn'ptococci. 

Acs used for his exp('riments cultures whi(*h wt're h — S hours 
old, i. e. at tlu' stage of rapid growth, and ex])osed the one pure 
culturt' to the radiation from the other, fii this way, he obtained 
distinct rc'tardation of growth. Irradiation of B. anthracis for 1 
to 2 hours by Ps. pyocyanca gave growth 7 ’('tardations of 22 
to 136%, ill 14- experimc77ts. In two experiments, lu' rcvc'rsf'd 
the arrangenu'iit, using B. anthracis as st'iidc'r, and found Ps. 
pyocyanca 4-2 and 4-<S% retarded, llie same organism was ns('d 
simultant'ously to irradiate Bacillus rafitnors, which was not 
retardf'd, but stimulatf'd 42 and 56%. Yeast radiation was found 
to retard staphyloco(‘ci very distinctly, in 5 cxpt'riTtients, and 
also str<'ptococci in the one experiment made. 

Since such st'k'ctivity of antagonistic radiation cannot b(' 
(‘xplained by our present knowk'dge, a mon' detailed spt'cti’o- 
s(H)j)ic investigation of such types might add grc'atly to our under- 
standing of th(' significaiKK* of biological radiations. 

Different from the specific hariTiful radiation which injures 
one species, but stimulates other specie's, are the gc'iierally harmful 
human radiations observ(*d by ChiiiisTiANSKN and by Bak>jes 
and Hahn (see p. 184) which arc linkc'd with ct'rtain f)athological 
conditions. The radiation may be truly specific ; only one species 
of yeast, Saccharomyces Mycoderma pnnetisporus, could be killed, 
while other yeast specie's were rc'tarded, or not at all affe'cted. 

The example of the' sea urchin larvae (p. 86 and 164) is 
(piite characteristic of a harmful effect produced by a primarily 
beneficial radiation. In this case, the harm is probably done by 
an overdose and not by any specific wave lengths since such 
widely different sour(;es as chemical oxidation, glycolysis by 
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yeasts or streptococci, and ])roteolysis l)y staphylococci gave 
the same results. The main cause of the harmful effect in this 
case is the diffenmce in sensitivity or reactivity, the* nu'sctich yme 
<*ells being th(‘ only ones wliicli wtTe stimulated out of proportion. 


I. THE UEALIN(il OF WOUNDS 

When wounds begin to heal, this is usually accomplished 
by mitosis of tlu^ cells nearcsst to the wound. In most cases, as 
with grown animals or ])lants, this would mean that cells which 
have already (H)nie to a resting stage, revert to midtiplying cells. 
This resembles somewhat the situation of old yeast or bacterial 
<*(‘lls transferred to a fresh medium. Sonu'thing lik(' a r(\juv(‘nation 
process of the old resting cells is luecessary befone they (*an divide 
again. Tt was ])recisely at this stage that we found mitogenetic 
radiation to be iTiost effective upon bacteria or yeasts. 

Th(e first discussion concerning the ])ossible r61(‘ of biological 
radiation in the healing of wounds occurred in 1929. Habjciiland 
had found that full-grown, but young leaves of if^edum sppctabile 
and Eseheveria .secunda can be torn without rui)turing the cedis 
of the mesophyll. They separate, and leave a dry surface. Such 
a surface will not “heal”, i. e. the e^edls show no signs of divisioji 
if the torn leaf is ke'pt in a moist chamber. They will begin to 
elivide, howeve»r, if smeared with juice of crushed leave's. Tlu'V 
will also re])roduce if the leaf is cut instead of carefully torn, 
leaving the* wound surfae^c we*t with cell eh'bris. 

OiTRWTTsem (1929) expressed his opinion that such lU'W di- 
vision e)f old cells could not take place without a mitogenetic 
stimulus, anel that very prol)ably it came from the^ e'e'll pulp. 
Haberlani) (1929) attempteel to dise*over whe'tluT radiatiem by 
sedum leaf pulp would cause a healing or renewed mitosis of a 
dry, torn leaf. He^ found that leaf pulp diel not induces any elivision 
of cells when helel at short distances from the injure'el leaf anel 
e*oneduded that the wound horniemes act ehemically anel not 
physically. 

GiJRWiTscm (1929) found, using ye'ast as dete'ctor, that 
pulp of sedum leaves did not radiate when fresh, but would do 
so after 18 to 24 hours, losing this power again after 48 hours. 
He state's that in his opinion, radiation alone will not cause the 
healing process in this case; that there are chemical requirememts 



174 


r:HAPTER VJl 


besides the physical ones ; but, that radiation is one of the necessary 
factors. 

While the argument concerning the sedum leaf wounds lias 
never been settled experimentally, Bromley (1930) has ])roved 
that the tail of the salamander Ainbifatonia tigrimiin radiated 
strongly after being amputated. It is not the new tissue which 
radiates, but the old cells immediately under the newly-formed 
tissue. Exposing yeast for IS minutes to the ground tissue, the 
following “induction elh'cts” were obtained: 

1 2 3 5 6 12 24 houM afl,or aniputal ion 

6.2% 2.1% 29.6% 41.1% 39.9% 4SA% 56.4% induction 

It requires 3 hours for radiation to be established. The radiation 
of the injured tissue reaches a maximum after 1 — 2 days, dccTcases 
decidely and rea(dies a second maximum after 5 —0 days. This 
agrees with the two maxima in pll of healing wounds as observed 
by Okunefk (1928). 

Th(‘ same double maximum could be obs('r\"('d with woinuh'd 
tadpoles of the frog Pvlobaks jmeus, by Blacuer, Irichimo- 
wiTscii, Ltosner and Woronzowa (1932b). They cut 10 mm. 
from the tip of the tail, and after dilTerent times, r(‘m()vcd the 
old tissiK' whi(‘h ])roduc(‘d tlie regeneration, ground it u]) and 
us(‘d tlie pidp to irradiate yeast plates. The threshold time 
JK'cessary to produce distinct mitogcuietic effects was the measure' 
of intensity. In Table 50, two distinct maxima an' s('(*n at 12 and 
30 hours after wounding, and a minimum at 24 hours, and a gi-e'at 
drop in intensity after 4 days. 

Wry interesting was the okservation by the* same' authors 
that the blood of the tadpoles changed its radiation decidedly 
u])on wounding of the tail. The blood of normal, uninjured tadpoles 
produce'd a marked effect in 5 minutes. 12 hours afte'r injury, 
1 minute of exposure to blood sufficed for a similar effect ; 24 hours 
after injury, 2 minute's were required, and on the fourth day, 
an exposure of 15 minutes became neeie.ssary. '^This means that 
at this stage, the blood radiated less than half as strongly as that 
of uninjured tadpoles, and it stayed at this low level during the 
entire', 18 elays e)f the experiment. 

By this long-continued effec't of the wound upon bloe)d 
radiation, the entire body is affected and brought into play. 
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Table 60. Induction Effects Produced in Yeast by Irradiation 
with Old Tissue Bordering the Regeneration of Wounded 
TadjDole Tails (Pelolatea /uscus) 


Time after 
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Samarajkff (1932) repeated th(‘ tadpole and salamander 
<'xpt'rimonts with earthworms. He cut them through, leaving 
th<un in earth, and found that the first mitogenetic eftVet could not 
be det(‘cted until 20 hours after inllictiiig th(‘ wound. Jiadiation 
was weak throughout, but was noticeable (^ven after 0 days. 

Considering tluit r(‘gen(*ration in wounds is ac^eompanied by 
a radiation of the injured tissue, it seeni(‘d probables that this 
radiation was essential in bringing about lu'aling. Bi.acttku, 

Figure 62. 

At left, nu'thod of wound- 
ing the tadpole tails for 
irradiation from below; at 
right, nietliod of measuring 
the amount of regeneration. 

iRKmiMOWiTSOH, LiosNER and WoRONZEWA (1932a) succeeded in 
proving this by j:)roducing a more rapid regcuu'ration of wounds 
by biological irradiation. More than 500 tadpoles were used for 
this proof. Into their tails were cut triangidar wounds, as in 
fig. 52. The rate of healing was measured as shown in the same 
figure, under a low power lens, and it is here recorded in /c of new 
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Table 51. Amount of Regeneration in the Wounds of Tadpole 
Tails, Irradiated from Below 



' 

Irradiated 

Irradiated 
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18 
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16 
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growth from the det'jxsst part of the woiiiul. The tadpoles were 
placed in dishtss with quartz bottoms which rest(*d on a pulp 
of tadpole tails and intestine. This pulp is known to radiate' 
strongly, and the wounds on the under side of the tail were thus 
exposed through quartz, while the wounds on the up])er side were 
not. The controls were in similar dislu's with glass bottoms. 
These experiments, of whi(;h a few are reproduced in Table 51, 
showed that in the (?ontrols, there was no difference in the rate 
of regeneration between the upper and the under sid(^ of the tail. 
Irradiation produced in all series of experiments a distinctly 
more rapid healing of the irradiated wounds. 

However, this statement needs some modification as a careful 
checking of the individual wounds showed. When all the upper 
(non-irradiated) wounds of the expost^d tadpoles were compared 
with those of the controls, there was no difference when the tad- 
poles were exposed for 21 hours immediately after wounding. 
There was also no difference when the tadpoles were left without 
treatment for 48 hours and then exposed for 24 ho\irs. If, however, 
the tadpoles were left untreated for 24 hours and then exposed 
for 24 hours, the upper wounds had healed 26% less than the 
controls. A (iomparison of the lower wounds showed an increase 
in healing of 33% when irradiated at once, but no differc'nce 
when irradiation began after 24 hours. 
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This signifies that irradiation immediately ^ after injury 
afiects only the irradiated wounds, stimulating them ; irradiation 
24 hours after wounding does not stimulate these, but retards 
the others, manifesting an effect which is only apparently bene- 
ficial. Irradiation 48 hours after wounding again produces a 
true stimulation. There is a suggestion of the same double maxi- 
mum which we have already encountered. No explanation has 
been attempted. 

The proof that the rate of healing of wounds can be acceler- 
ated by mitogenetic rays, may be of importance for the future 
of wound treatment. Two treatments might be, partly at least, 
explained by mitogenetic rays. One is the beneficial influence 
of the presence of LactobaciDi. North (1909) and Giltner and 
Himmelberger (1912) applied cultures of Lactobacillus bulgaricus 
to inflamed mucous membranes (gonorrhoea, hay fever, conjunc- 
tivitis, utero- vaginal affection of cows after abortion) and to 
suppurating wounds with very good healing results. The good 
success is ascribed to the lactic acid. The other method is the 
rapid healing of wounds infested with maggots of flies. While 
doubtless the present explanation is correct, that the continuous 
removal of pus and dead tissue cells by the maggots induces 
more rapid healing, it may well be that in addition, there is a 
mitogenetic effect upon regeneration by the larvae. 


J. THE CANCER PROBLEM 

The word cancer is not very accurately defined. It is meant 
to indicate the most common form of malignant tumor. From 
the physician’s point of view all tumors arc neoplasms. Since 
the authors do not feel competent to pass judgment upon medical 
definitions, they have adopted the following of Feldman’s 
(1932): 

“With certain reservations, a neoplasm may be defined 
as an autonomous proliferation of cells, non-inflammatory, which 
grow continuously and without restraint, the cells resembling 
those of the parent cell from which they derived, yet serving 
no useful function, and lacking orderly structural arrangement.” 

“Carcinoma is preferable to the older term cancer as 
designating tumors of epithelial origin that are malignant.” 


Protoplasiuft-lfonognipluen IX: Bahn 
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“Sarcoma refers to a tumor consisting of immature con- 
nective tissue elements, that is clinically or histologically 
malignant.” 

It has already been mentioned repeatedly in previous chapters 
that contrary to the very weak radiations of the normal tissues 
of grown animals, the malignant tumors radiate strongly, whih^ 
the benign do not. 

The first study on the relation between tumors and mitogenetic 
rays, however, was the investigation by the Maorous (1927 a 
and b) of plant tumors caused by the crown gall organism, Bac- 
terium tumefaciem. They proved, with onion roots as detectop, 
that cultures of the bacterium radiated; they also showed (1927 c) 
that in the tumors, cell division had taken place quite removed 
from the location of the bacteria. This made a physical effect 
probable, but did not exclude chemical effects. They did not 
produce experimentally plant tumors by radiation. 

Soon afterwards, the carcinoma problem in man and animals 
was attacked from various angles; (1) the radiation of cancerous 
tissues; (2) the radiation of blood of cancer patients, as a means 
of diagnosis; (3) the origin of cancer. 

Radiation of Cancerous Tissues: The stirong radiation 
of cancerous tissue as contrasted with the non-radiating normal 
tissue has been established in a numbt^r of cases by various in- 
vestigators, e. g. Gitrwitsch, Reiter and Gabor, Siebert, 
Stempell, Gesenius, and by various methods. It is one of 
the most definite facts of mitogenetic radiation. It is also an 
established fact that only malignant tumors radiate. 

A. and L. Gebwitsch (1929) and Ktsltak - Statkewits(3H 
(1929) had found that there were two kinds of carcinoma 
radiations; one requires glucose in order to emit rays, while the 
other occurs primarily in the necrotic parts of cancerous tissue 
which are not capable of glycolysis. By comparing the spectra 
of these two different types with the known spectra, it could 
be shown that the one was plainly a glycolytic radiation while 
the lines emitted by the necrotic parts of the tumors agreed with 
those of proteolysis (see Table 52). An analysis with strips of 
50 to 60 A was sufficient to prove the difference. 

The nucleic acid spectrum is also found in carcinoma itself 
if the exposure is sufficiently long; the proper time for the pro- 
duction of a glycolytic spectrum is too short for that of nucleic 
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Table 62. Analysis of the Two Spectra of Carcinoma 
(the numbers indicate induction effects) 


Carcinoma 

Type 

Wave Length 
in A 

in situ 

in Ringer’s 
solution + glucose 

Glycolysis of 
Normal Blood 

Intact 

1900—1950 

60 

44 

26 

Metastases 

1950—2010 

55 

33 

32 


2010—2070 

__3 

—9 

5 


2070—2150 

1.3 

3 

—1 


2160—2220 

60 

66 

30 


2220—2340 

0 

0 

2 




necrotic carcinoma 

serum albumin + 
pepsin 

Necrotic 

1900—1960 

—1.6 

—3 

Parts 

1960—2020 

38 

60 


2020—2080 

53 

80 


2080—2140 

45 

70 


2140—2210 

8 

1 


2210—2290 

2.5 

11.6 


2290—2390 

44 

50 


2390—2430 

42 

36 


acid. This difference in intensity of various reactions occurring 
simultaneously adds greatly to the difficulties of spectral analysis. 

Absence of Blood Radiation: The second outstanding 
and thoroughly established fact is the absence of blood radiation 
in cancer patients (see fig. 46, p. 153). Gesknius (1932), in sum- 
marizing 3 years of clinical experience, states that patients with 
teratomes (monstrosities) and probably with mixed tumors m^ver 
show blood radiation; while normal radiation is observed in all 
cases of sarcoma^), hypernephroma (benign kidney tumor), 
glioma (benign tumor of the brain, retina or auditory nerve), and 
myoma (benign muscle tumor), even in severe anemia caused by 
bleeding of the myoma. 

Braunstein and Heyfetz (1933) determined the time 
when blood radiation decreases. They inoculated rats with tumor 

^ ^) This seems strange since the sarcoma tissue shows the same strong 
radiation as carcinoma tissue. 


12 * 
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Table 53. Glycolysis and Radiation in Blood from Rats 
Inoculated with Tumor Cells 



No. of 
Bats 

Decrease c 
Blood, in 

1.6 hrs 

)f Sugar in 
mg, after 
3 hrs 

Mitogenetic 

Induction 

Normal Animals .... 

14 

60.1 

67.6 

+33.4 

5 days after implantation 
of cancer 

3 

38 

69 

* +26 

6 days 

6 

40 

66 

+ 13 

8 days 

7 

62 

78 

+ 7 

10 days 

7 

43 

70 

+ 7 ^ 

13 days 

6 

46 

69 

— 4 

16 days 

3 

52 

77 

+ 5 


cells through an incision of the skin of the back; after 6 days, 
a tumor the size of a barleycorn had developed. In short intervals, 
they determined the decrease in blood sugar, and the mitogenetic 
radiation (Table 53). While the latter decreased distinctly from 
the fifth day, glycolysis and sugar content were not affected. 
There is really much more to this negative induction effect of 
cancer blood than merely the absence of radiation. Heinemann 
(1932) very definitely found growth retardation when he used the 
actual rate of cell increase as a measure (Table 22, p. 73 and 
fig. 45, p. 163). As early as 1929, Lvdia Gurwitsch and Sal- 
kind observed that the blood of cancer patients suppressed the 
radiation of normal blood upon mixing the two. Rats, injected 
with cell-free tumor extract, showed no blood radiation after 2, 
3, and 4 days, but were normal again after 9 days. Injection 
of cytagenin (see fig. 45) caused a temporary increase of blood 
radiation. When cytagenin is discontinued, emission of rays 
drops to its negative level in 1 to 3 days. 

Cancer Diagnosis: Blood radiation is so conspicuous even 
with patients suffering from many kinds of severe illnesses that 
its absence in cancer has been considered since the earliest 
observations as a diagnostic means. Gesenius reports (1932) 
that in pernicious anemia, radiation begins again after liver 
diet, while in carcinoma, even the complete removal of the 
tumor and radium treatment will not restore normal blood 

-'j 

radiation. 
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Recently, Klenitzky (1934) observed the return of blood 
radiation when every last trace of cancerous tissue had been 
removed. 

Since practically all diseases producing decreased mitogenetic 
radiation in blood are readily recognized, cancer diagnosis by 
this method has been studied systematically. The best results 
obtained are very Ukely those recorded by IIeinemann from 
one of the hospitals in Frankfurt, Germany. ^‘On the one side, 
further observations with carcinoma suspects justified the conclus- 
ion that a positive mitogenetic effect excluded the possibility of 
a tumor with certainty. On the other hand, a negative effect 
changing promptly to positive after cytagenin injection, caused 
us repeatedly to search for a tumor and to prove it beyond doubt, 
though the preceding, most careful clinical investigation had 
given no reason to suspect tumors (e. g. a small carcinoma in the 
upper rectum which caused no direct pain).*^ 

Very encouraging is further the summary by Gesenius (1932) 
of 3 years experience in the Berlin University clinics. The method 
consisted in the decrease of yeast respiration by blood radiation 
(see p. 84). During the last year, only such cases in which diag- 
nosis was uncertain were investigated. 

Occasional exceptions have been observed; blood radiation 
has been found infrequently connected with severe carcinoma, 
and has rarely been absent in patients where autopsy revealed 
absence of carcinoma. Nevertheless, blood radiation is a valuable 
diagnostic means when used as a part of the clinical examination. 
Loss of radiation is independent of the size and location of the 
tumor. It remains absent after removal of the tumor, and cannot 
be used as a test for the success of treatment. 

Origin of Cancer : It has been stated repeatedly that normal 
adult tissues radiate very weakly while normal blood radiates 
strongly; in cancer, the opposite takes place, the new growth 
radiating strongly while the blood ceases to do so. These facts 
plainly suggest that the growth-stimulating source of radiation 
is removed from the blood and concentrates in the neoplasm. 
However, this simple assumption does not agree with our explana- 
tion of these radiations as originating from biochemical reactions. 
It has just been shown that sugar content and the rate of glycolysis 
in the blood of cancer patients are not greatly altered. For this 
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reason, this explanation of the origin of cancer is not usually 
stressed. 

Somewhat different is Protti’s conception (19346) who 
assumes that a cellular disorder may arise when blood radiation 
becomes very low, eventually resulting in a neoplasm. He proved 
his point by injecting a cell suspension of adeno-carcinoma into 
two lots of 12 mice each; one lot was being fed normally, while 
the other was on a starving ration. For the first 15 days, the 
tumors grew more rapidly in the starved mice whose blood 
radiation had decreased, on the day of injection, from about 50 
to about 10. It must be remembered that cancer is most frequent 
in old age when blood radiation has a tendency to become 
very low. 

Protti observed further that a mixture of neoplasmic cells 
and yeast cells in vitro resulted in a destruction of the neoplasmic 
cells while cells from normal tissues were not influenced by yeast. 
The same happened when the neoplasmic cells were separated 
from the yeast cells by a quartz plate. Protti calls this ‘‘cyto- 
photolysis”. 

Repeated injections of yeast suspensions into the Galliera- 
Sarcoma of rats caused a liquefaction of the tumor, without 
pus formation, leaving finally a cavity with thin fibrous walls. 
Intravenous injections produced no effect upon the tumors. 
With the adeno-carcinoma of mice, injections of small amounts 
of yeast into the tumor stimulated its growth while large amounts 
retarded it. The same was the case with intravenous injections. 
Yeast heated to 60® produced no effect which suggests, together 
with the abovementioned ‘‘cytophotolysis”, that the results are 
not due to enzymes, but to radiation. 

Cancers have been produced by frequent application of 
certain chemicals to the skin. Since the compounds found so 
far are not normal or pathological products of the human 
body, as far as is known, the discovery of their effect does not 
really explain the formation of cancers, but may give valuable 
suggestions towards the solution of the problem. 

More important is perhaps the discovery that cholesterol 
metabolism is in some way connected with cancer. It has been 
claimed by Shaw, Mackenzie, Moravek and others that chol- 
esterol stimulates the growth of malignant tumors. Roefo (1933) 
found the cholesterol content of the skin near cancerous or pre- 
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cancerous lesions to be much higher than the normal skin of 
the same patient. He found the frequency of skin cancer to be 
distributed in the following way, as average of 5000 cases: 


skin of the face 95.61% 

skin of the back of the hand 3.07% 

scalp 1.02% 

skin of the foot 0.60''o 


Kawaguchi (1930) had shown that the cholesterol content 
of the skin increases when it is exposed to sun light. According 
to Malcynski (1930), ultraviolet irradiation of healthy persons 
increases the blood cholesterol while with cancer patients, there 
is a decrease of 25 to 40%. 

RoFro (1934a) studied the “heliotropism” of cholesterol 
very thoroughly. He proved it to take place only in living or- 
ganisms. With white rats, sunlight as well as ultraviolet light 
increased the cholesterol content of the exposed parts of the 
skin. The wavelength of the ultraviolet was above 2300 A. 
X-rays or radium rays produced the opposite effect. 

Then, Koffo (1934b) studied the tendency for cancer devel- 
opment in white*, rats. 700 rats were kept in sunlight daily for 
n(jt more than 0 hours, avoiding the hottest sux\. After 10 to 11 
months, 52% of all rats had developped cancer, which was ex- 
clusively on the naked })arts of the body (ears and eyes mainly, 
also twi(K* on the hind feet and onct^ on the noH(*). 150 rats wen.* 
exposed to ultraviolet light, of an intensity of 14 erythemal units, 
b(*ginning with 5 minutes x>er day and gradually increasing the 
exposure to 0 hours. Within 4 months, every one of these rats 
showed tumors, and many of them had several tumors. Of the 
control rats receiving light from a tungsten filament lamp, not 
a single animal had developped a tumor. This agrees very well 
with the above-mentioned frequency of skin cancer on different 
parts of the human body. 

The mode of development and the lustology of the rat cancers 
corresponded exactly with that of human (dancers. 

The author has not been able to ascertain whether Roffo 
has tested the mitogenetic range of rays by itself, i. e. the range 
between 1800 and 2600 A. It would be a splendid agreement 
if this range which is known to stimulate cell division could also 
be shown to produce abnormal cell division of the epithelial 
cells. The fact that sunlight can do this speaks very much against 
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it since sunlight contains no wavelengths shorter than 2700 A. 
However, very small amounts, such as have been shown to pro- 
duce mitogenetic effects, might possibly be present (at least in 
Buenos Aires where these experiments were made). The much 
stronger effect of artificial ultraviolet containing also the shorter 
waves suggests that the shorter waves are more efficient in 
bringing about abnormal cell division. 

Attention may be called here to the effect of radiation of 
oxy- cholesterol upon yeast cells. It is impossible to ss\iy whether 
any relation might exist between oxy-cholesterol and the cancer 
problem. 


K. RADIATIONS OTHER THAN MITOGENETIC 

In Chapter IV, three types of radiation from organisms 
have been mentioned which are not identical with mitogenetic 
radiation. One was entirely different, and does not really belong 
in this group, namely the Beto-radiation of the potassium in the 
cells. Then, there was necrobioiic radiation. This type, though 
apparently stronger than mitogenetic rays, is emitted by dying 
cells, and does not have any definite biological purpose or effect 
as far as has been ascertained. It is an emission of energy typical 
for the chemical changes connected with death, but it is 
absorbed by the surrounding medium, and should it produce 
biological effects, it would be purely accidental. 

The third group are the harmful human radiations, and they 
produce distinct biological effects. Quite commonly known are 
the reactions brought about by menstruating women : flowers wilt 
readily in their hands; menstruating women are excluded from 
collecting flowers for the perfume factories of France ; mushroom 
beds are said to be utterly ruined by their mere presence; pure 
cultures of yeasts and bacteria become abnormal when handled 
by them (see p. 95), and the common belief that bread dough 
will not rise normally, and that pickles and sauerkraut packed 
by them will not keep, does not sound improbable , since 
Christiansen proved that wine fermentation was distinctly 
affected (see p. 96). 

The facts as such can be considered fairly definitely establish- 
ed. Details may be foimd in the paper by Macht and Lt^bin 
(1923 — 1924). But it cannot be considered proved that the effect 
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is of physical origin. The more common conception among medical 
men is that it is chemical, produced by a compound called meno- 
toxin. 

The intensity of this effect varies greatly with the individual. 
We have but rarely been able to obtain good results with wilting 
flowers. Christiansen found the effect to be much stronger 
in summer than in winter. 

Attention should be called here to the observation by Hill 
(1933) that certain persons kill bacteria on agar plates when 
placing their fingers right upon the seeded plate. In this case, 
it has not been decided as yet whether the effect is physical or 
chemical. 

Probably the same type of harmful radiation lias been observed 
in a very few cases of illness (p. 97) ; at least, the yeast was killed 
by emanation from the finger tips, and even from the face, through 
a thick quartz plate excluding chemical influences. 

The Source of Harmful Human Radiations: Macht 
and Lubin (1923 — 1924) came to the conclusion that the “meno- 
toxin”, i. e. the compound in the blood during menstruation 
responsible for the various phenomena just mentioned, must 
be either oxy cholesterol or a closely related compound. This 
induced Barnes and Rahn (1933) to test whether this compound 
radiated. The results were quite definitely positive. Out of 5 
batches of oxycholesterol made at different times, 4 killed Myco- 
derma during the first day when exposed continuously through 
quartz, but not on the second day. With Batch No. Ill which 
had no effect upon the yeast, an error was made in the separation 
of the oxycholesterol from the other reagents; on account of 
this, the exposure could not be started until one day later, and 
by this time, this product usually has lost its power. The colori- 
metric tests mentioned for oxycholesterol can be obtained long 
after radiation has become too weak to be detected biologically. 

Since it is not probable that a (compound as such radiates, 
it appears more likely that the radiation comes from some reaction 
of the cholesterol or oxycholesterol, and we would think above 
all of oxidations. In the above experiments the oxycholesterol 
was emulsified with a little water to make oxidation possible. 

Why this radiation is harmful instead of stimulating, cannot 
be stated at present. The simplest assumption would be that the 
death of the Mycoderma cells is due to over-exposure because in 
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Table 53a. Effect of Oxy-cholesterol upon Mycoderma 
through fused Quartz 


time after 
manufacture of 

1 Batch 1 

1 Batch II 

Batch III 

Batch IV 

Batch V 

oxy-oholesterol 


1 




1 day 

dead 

dead 

normal 

mostly 

dead 

2 days 



(stimulated) 

dead 

normal 

retarded 

3 days 

__ 

__ 


stimulated 

— 

4 days 

greatly 

greatly 

~ 

__ 

— 

6 days 

retarded 

slightly 

retarded 





normal 

6 days 

retarded 

normal 



_ 

_ 

7 days 

normal 

— 

normal 

__ 


8 days 

normal 

— 

— 

— 

— - 

14 days 

— 

— 

normal 

— 

— 


all experiments the yeast was exjiosed continuously to this ra- 
diation. However, complete killing of all cells is not usually ob- 
served even in over-exposure, and only rarely was stimulation 
found. The other alternative that we are dealing with different 
wave lengths does not seem very probable either. All wave lengths 
between about 1800 and 2600 A give the same mitogenetic effect 
(see fig. p. 49), and no exceptions are known; the oxycholcsterol 
radiation passes through quartz but not through glass, and can 
therefore be hardly anything but ultraviolet. An analysis of the 
spectrum may give the explanation. 

Oxycholesterol in the Body: A study of the distribution 
of cholesterol and oxycholesterol in the fats of the human skin, 
by Unna and Golodetz (1909) shows that oxycholesterol is 
not present in the normal cellular fats but only in secreted fats 
(Table 54) . An exception is the fat in the finger nails and toe nails. 
This agrees quite well with our observation that radiation was 
obtained from hands (and feet) and from the face where sebacious 
glands exist, but not from the chest where they are very rare. 

While a good deal of attention has been paid in recent years 
to cholesterol metabolism, very little is known about oxycholesterol 
in the body. Even its chemical composition is not certain. The 
only more recent investigation on oxycholesterol in the body is 
that by Pfeiffer (1931). According to his analyses, the largest 
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Table 54. The Cholesterol and Oxycholesterol Content of 
Human Skin Fat 




melting 

point 

Unsap- 

onifiable 

fraction 

% 

In % of 
free 
Chol- 
esterol 

the unsa 
Chol- 
esterol 
Esters 

;>oniliable fraction 

Oxycholesterol 


Comedon fat (black- 







head) 

53.0 

30.60 

9.16 

— 

very much 


hand sweat . . . 

46.6 

28.40 

6.40 

0.79 

very little 

$ 

foot sweat .... 

36.6 

22.30 

18.70 

1.60 

fairly much 


j surface skin fat 

48.0 

32.20 

50.00 

2.06 

0 

M 00 

j horny skin fat . . 

61.0 

36.30 

64.00 

8.91 

0 


! nail fat 1 

38.0 

41.60 

43.70 

— 

fairly much 


! vernix caseosa . . 

38.0 

36.00 

45.00 

8.38 

0 


! subcutis 1 

liquid 

1.16 

15.80 

0.04 

0 


amount of oxyelioleaterol, on the basis of total solids, is found 
in the brain (0.44%), next are bone marrow, adrenals and bile 
(about 0.29%), followed by the liver (0.09%). Ijowest are the 
erythrocytes with 0.003%. While previous authors, e. g. Unna 
and OoiiODETZ, estimated the oxycholesterol colorimetricjally, 
Pfeiffer determined it by the difference in melting 2 )oints between 
cholesterol and oxycholesterol. The results may therefore not be 
comparable, on account of the uncertain chemical composition. 
It has been stated already that oxycholesterol radiation (teased 
when the colorimetric tests were still very strong. The relation 
between this substance in the tissues and radiation is therefore 
not definitely established. 

In the preceding chapter, attention has been called to tlu^ 
close relation between cholesterol and cancer. The above results 
suggest that an investigation about the role of oxy- cholesterol 
in connection with the cholesterol metabolism in cancer might 
yield interesting results. 
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The biological part of this book has been written by a biolo- 
gist who is convinced, from his own experiences as well as from 
the study of literature, that mitogenetic radiation exists. He 
has realized that it is difficult to prove it because we are dealing 
with an extremely weak effect, and with very sensitive detectors. 
Above all, we arc dealing with an entirely new phenomenon, 
and consequently cannot predict which changes of technique 
might increase or decrease the effect. 

It does not speak well for the present status of science that 
it has not been possible to settle definitely, in the course of 12 
years, the question of the existence of this radiation. The fault 
lies equally with the two groups of contestants, those for and 
those against radiation. 

The facts are these : Gurwitsch and a number of his pupils 
and also many other investigators have presented a very large 
amount of experimental data to show that mitogenetic radiation 
exists. Many others have repeated these experiments, following 
directions as exactly as they were given, and obtained no mito- 
genetic effect. Several of the latter group have claimed therefore 
that they have disproved biological radiation. Such claim is 
unscientific as has already been pointed out in the foreword. Tht? 
only way to disprove any theory is to obtain the same results, 
and to show that they are due to another cause. Some such 
attempts have been made (e. g. Moissejewa, Lorenz) but they 
have not been carried far enough, or have been contradicted by 
other, more recent investigations. Most of the critics dismiss 
the question with the simple statement that all so-called mito- 
genetic effects are within the limits of experimental error. 
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Let us realize from the beginning that the differences of 
opinion center around two essentially different points; one is 
the existence of the biological effect, and the other is its inter- 
pretation as an ultraviolet radiation. A different interpretation 
will not make the effect less important for biology. The effect 
is the important thing; the explanation is secondary. After all, 
only the facts remain permanent in science, while the theories 
come and go. 

The difficulties in deciding the existence of the mitogenetic 
eff(K*t are to be sought largely in the sensitivity of the methods. 
It is evident that this point can be settled only by biological 
experiments. Physical measurements can tell only whether or 
not it is caused by radiation, but the absence of radiation does 
not disprove the biological effect. 

Biological measurements are not at all simple. When higher 
organisms are used as detectors, the controls are not perfect. 
Several authors have questioned the use of one side of the onion 
root as control for the other side. It may be that both are affected. 
This objection may also be made to other tissues, e. g. the cornea. 
With unicellular organisms, where large numbers are used, the 
controls are as reliable as they can possibly be in any biological 
experiment. While it is easy to make yeasts or bacteria grow 
in the customary culture media, it requires a thorough under- 
standing of their physiology to interprete differences of growth 
rate, and errors have been made in this respect by those 
opposing biological radiation as well as by those convinced 
of it. 

The error in biological experiments is not as absolutely fixed 
as in physical or chemical methods, e. g. in an analysis where it 
can be stated reliably for all laboratories that the accuracy of 
the method is 0.005 g. In biology, it depends very much upon 
the choice of the organism (e. g. the variety of onion), the uni- 
formity of the material, the treatment of the organisms before 
the beginning of the experiment, the uniformity of environment 
before and during the experiment, the ability of the experimentor 
to recognize and avoid disturbing or secondary influences. A fine 
example is the painstaking work of M. Paul (1933) with onion 
roots. 

As a result of the various factors creeping in, the error of 
the same method may be widely different in different laboratories 
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or even in the same laboratory with dijGFerent investigators. This 
explains the difference of error in the onion root experiments 
which was 10% with some investigators and 50% with others 
(see p. 58). When it comes to such delicate instruments as the 
Geiger counter, even physical measurements show great diffe- 
rences (see Table 30a p. 92). 

The frequently made statement that the biological investi- 
gators do not state the error of their methods is not in accordance 
with the facts. When the error or the reliability of the method 
is not stated as such, it is usually possible to compute the error 
from those experiments where no mitogenetic effects were obtained. 
This has been done by Schwemmle for all earlier onion root 
experiments (p. 58) and the authors gave some similar cal- 
culations for the yeast bud method on p. 71. Tuthill and Rahn 
have also pubHshed two sets of counts of yeast buds from many 
different parts of the same culture. Gxjrwitsch and his asso- 
ciates have stated repeatedly that with the yeast bud method, 
they consider any increase less than 15% over the control to 
be experimental error. The reliability of the yeast measuremtmt 
by volume can be estimated from the data by Billig, Kanne- 
giesser and Solowjeff. Heinemann has stated that in his 
method of counting yeast with the hemacytometer, the mitogenetic 
effects were more than 3 times the experimental error. Wolff 
and Ras have frequently given all individual counts of bacteria 
for one experiment (p. 78). Other error limits can be found 
on pp. 83 (Julius), 34 (Barth) and 168 (Blaoher). 

It is somewhat surprising to find that in critical summaries, 
some weak papers are quoted extensively while some of the best 
proof in favor of mitogenetic radiation is completely omitted. 
Nakaidzumi and Schreiber, working with the yeast bud method, 
omit the work of Siebbrt who published more detailed experiments 
than any other investigator in this field. Kreuchen and Bateman 
also mention neither Siebert’s papers nor the extensive work 
of Wolff and Ras with bacteria which is the best material with 
this detector. It is only natural that any new development in 
science will attract speculative minds who generalize from a few 
experiments and come to conclusions which are not shared 
by the more conservative workers in this field. Any serious 
criticism should start with the most reliable and best founded 
papers. 
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On the other hand, the critics have good reason to disregard 
mpers which give no precise account of methods or results. 
Probably the main reason why mitogenetic effects are still doubted 
las been the recording of results by merely giving the “Induction 
Effect” without mention of the experimental data from which 
he effect was computed. The actual number of mitoses in a 
5ornea, the percentage of buds, or the yeast volume measured, 
/ell a good deal about the performance of the experiment. Even 
/he chemist whose methods are really standardized publishes 
lot merely the formula of his new compound, but also the actual 
inalytical data. Since the error in biological experiments varies 
vith the investigator, the publication of the complete records 
vould give the reader a conception of the reliability of any 
)bserved effects, even when the standard deviation has not been 
computed. 

Another justifiable argument against the weight of some 
published papers is the lack of precision in the description of the 
nethod. Since the biological detectors do not respond at all 
imcs to mitogenetic rays, but only in a definite physiological 
state, it is of greatest importance to describe all details. Such 
statements as “8 — 10 hours at room temperature” are too inde- 
inite; the term “yeast” means very little, and even such terms 
IS “onion root” or “cornea of a frog” should be specified in much 
nore detail since there are many different kinds of onions or 
rogs, and the roots as well as the number of mitoses in the 
;ornea are affected by the season. 

As an example may be mentioned the paper by Salkind 
ind PoNOMAREWA (1934) which might be very important for the 
physiological explanation of the mitogenetic effect. However, 
;he authors do not mention the age of the yeast culture, nor 
he medium on which it was grown ; they give only the induction 
‘ffect so that the reader does not know whether the controls 
lad 3% or 25% of buds which would have given a suggestion 
it least of the condition of the yeast. Therefore, the value of the 
paper is largely lost. 

It might be argued that the burden of the proof lies with 
-he opponents since the mitogeneticists claim to have proved 
heir point, but such an attitude would not be very helpful in 
lolving the real problem. We are dealing with a very complex 
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phenomenon, and both sides should do all they can to bring 
about a real understanding of the facts. The complexity is greatly 
increased by the occasional failure of the phenomenon for unknown 
reasons (p. 93). Errors have been made by the defendants of 
both sides of the argument, and the authors hope sincerely that 
by pointing out the mistakes and misunderstandings, a settlement 
of the question of mitogenetic radiation will be accomplished in 
a very short time. 
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